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Prolog 
Zu Beginn dieser Monographie möchte ich auf ein Definitionsproblem hinweisen, 
welchem ich bei der Literaturrecherche immer wieder begegnet bin. Da es aber 
vorallem die deutsche Sprache betrifft, ist die Erlaeuterung im Gegensatz zum 
Rest der Arbeit in deutsch verfasst. 
Wenn über Prozesse nach dem Tod, Zerfall, Abbau und Zersetzung organischer 
Materie gesprochen oder geschrieben wird, wird meist der Begriff „Verwesung“ 
benutzt, ohne auf eine genauere Definition einzugehen. Häufig ist die Rede von 
„Verwesungsstadien“, „-prozessen“ oder „-gerüchen“, was oft mit  Begriffen wie 
„Fäulnis“ einhergeht. Zum Beispiel wird Verwesung in der Medizin als ein Teil 
der Heterolyse angesehen, welche wiederum mit Fäulnis eines Leichnams nahezu 
gleichgesetzt wird. Jedoch beinhaltet die Heterolyse zweierlei, naemlich anaerobe 
Faeulnis- sowie aerobe Verwesungs-Prozesse.  
Das englische „decomposition“ bedeutet allgemeine Zersetzung, Zerfall oder 
biologisch-chemischen sowie postmortale Veränderungen. Jedoch kann damit 
auch „Verwesung“ gemeint sein, so dass u.U. die Gegenueberstellung von 
„decomposition“ und „putrifaction“ (Fäulnis), anstatt von zwei speziellen 
distinken Ereignissen, ein allgemeiner Zerfall einem speziellen Prozess, 
gegenübergestellt wird. Bei falscher Uebersetzung kann Fäulnis als ein Teil der 
Verwesung angesehen werden.  
Den Begriff „Dekomposition“ gibt es jedoch durchaus auch im Deutschen, 
obwohl er kaum benutzt wird. Dabei ist er hervorragend geeignet, den 
allgemeinen Zersetzungsprozess von spezieller Verwesung und Fäulnis 
abzugrenzen. 
Die vorliegende Arbeit stützt sich nunmehr auf folgende Definitionen 
(Fachlexikon abc Biologie, 6 Auflg., Verlag Harri Deutsch, Thun und 
Frankfurt/M.): 
Dekomposition (engl.: decomosition): Abbau, Zersetzung, Zustandsänderung 
abgestorbener organischer meist stickstoffreichen Substanzen, die unter 
Energiefreisetzung in Richtung Mineralisierung abläuft. Physikalische 
Zerkleinerung (Diminution) der Reste führen zu einer Vergrößerung der reaktiven 
Oberfläche und Einbringung der in die Wirkungsphäre mikrobiogener Enzyme 
und Mikroorganismen; (med.: Heterolyse: Gewebsabbau durch Bakterien)- wird 
unterteilt in:  
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Verwesung (engl.: decomposition): Aerob-mikrobielle Zersetzung durch 
überwiegend oxidative Prozesse - meist äußerlich; 
Fäulnis (engl.: putrifaction): Anaerob-bakterielelle Zersetzung durch 
überwiegend reduktive Prozesse mit faulig riechenden Gasen - meist im 
Körperinneren. 
 Beide Sonderformen können je nach Verfügbarkeit von Sauerstoff 




Unmittelbar nach den Tode beginnen im Koerper chemische Prozesse, die 
Abhaeingig sind vom Sauerstoffangebot, Bakterienzusammensetzung, 
Temperatur und Feuchtigkeit. Je laenger der Todeszeitpunkt zurueckliegt, umso 
wichtiger ist es, diese Parameter zu kennen um die Leichenliegezeit (post mortem 
interval = PMI)  zu bestimmen. Waehrend der Zersetung des Gewebes gehen vom 
Koerper verschieden Gerueche aus - je nach Dekompositionsstadium. Da 
aasfressende Insektenarten durch diese charakteristischen Gerueche angelockt 
werden, kann ihre vorhersehbare Sukzession zusammen mit unserem Wissen 
ueber ihre Entwicklung genutzt werden, Rueckschlusse auf den PMI zu fuehren. 
Solche Berechnungen anhand von Insektenarten und ihrer Larvenentwicklung 
basieren auf experimentell ermittelten Daten, da das Auftreten der Arten und 
Temperaturadaptationen lokal variieren koennen. 
Jedoch sind die Zusammenhaenge zwichen den aeusseren Bedingungen, die die 
Dekompostion beeinflussen, und den resultierenden Geruechen unbekannt, und 
somit entsteht auch eine Luecke in unserem Wissen ueber die Besiedelung des 
Koerpers durch Insekten. 
Diese Studie beleuchtet die Zersetzungsprozesse in Zusammenhang auf Klima, 
die Produktion von fluechtigen Geruchssubstanzen der verschiedenen 
Dekompositionsstadien und der Attraktivitaet der fuer die Gerueche 
verantwortlichen Substanzen auf Aasinsekten, beispielhaft gezeigt anhand der 
Kaisergoldfliege  Lucilia caesar Linneus, 1758 (Diptera: Calliphoridae.  
Weiterhin soll gezeigt werden, dass Individuen der gleichen Insektenart, die einen 
zersetzenden Koerper besiedeln, von verschiedenen Geruchsmustern, und somit 
verschiedenen Dekompositionsstadien, angelockt werden, abhaengig vom 
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Geschlecht, Ernaehrung und Entwicklungszustand (vittellogene Phase und 
Paarungszustand). 
Die Ergebnisse tragen zum Verstaendnis von geruschssinn- und physiologisch 
gesteurtem Verhalten der Insekten sowie der Dekompositionsprozesse bei und 
ermoeglichen zuverlaessigere Leichenliegezeitbestimmungen. 
 
1 Abstract 
After death a body undergoes chemical processes, which depend on oxygen, 
bacteria, temperature, humidity, and more. The longer a body remained 
undetected, the more important it is to know these parameters to estimate the time 
of death. 
During the decay, a dead body emits a series of odour types, depending on the 
stage of decomposition. As necrophagous insect species are attracted by the 
characteristical decomposition odour, we use their predictable succession on a 
corpse and our knowledge about the larval development rates to draw conclusions 
about the post mortem interval (PMI).  
These estimations are based on case-studies and locally collected data as insect 
succession and development can vary due to external circumstances, as well as 
distribution and local temperature-adaptation of the insects. However, the 
interactions between external factors and the resulting emission of different odours 
and therefore on insect settlements is largely unknown.  
This study gives new insights on decomposition processes according to climate 
conditions, the production of volatile odour pattern of distinct decay stages and the 
attraction of necrophagous insects, exemplified on Lucilia caesar Linneus, 1758 
(Diptera: Calliphoridae), to these odours and separated volatile compounds.  
Furthermore it is shown that insects of the same species, settling a dead body, are 
attracted by different odour pattern, thus by different decomposition stages, 
depending on their sex, nutrition and development stage (vittellogenous phase and 
mating status).  
The results contribute to the understanding of insect behaviour mediated by odour 
and physiological parameters, decomposition processes and help making reliable 
estimates of the exact time of death.  
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2.1 Postmortem chemical changes 
Postmortem transformation is the decay of organic matter by autolysis or by 
microorganisms such as bacteria, fungi and protozoa (heterolysis) or soft tissue 
conservation according to the different environmental conditions (Campobasso et 
al., 2001). In the following the change of chemical compounds and their products 
and by-products are described in detail. 
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Furthermore the methods of estimating the post mortem intervals (PMI), the use of 
forensic entomology and the biology of the model species Lucilia caesar are 
explained. 
 
2.1.1 Early corpse changes  
Several simultaneous processes occur immediately after the death of a body, 
including cooling, rigidity and lividity caused by the halt of cell processes. These 
changes are immediately visible and are used for the calculating of short post 
mortem intervals (PMIs) (see 2.2.1). 
 
2.1.1.1 Cooling 
The decreasing temperature of a corpse is the first consequence after death (algor 
mortis) (Vass, 2001). Before reaching the body interior, the temperature gradient 
has to be overcome by conduction and convection, radiation or evaporation. This 
can take between minutes to several hours and is highly variable, whereas further 
temperature decrease occurs at a predictable theoretical rate (Brinkmann and 
Madea, 2004; Perper, 2006). 
 
2.1.1.2 Rigidity 
Along with the temperature decrease, within hours after death, the body becomes 
stiff (rigor mortis), which starts at the eyelids and proceeds at the neck and jaw 
muscles before spreading throughout the whole body.   
The stiffness is caused by the telescoping of actin and myosin filaments, which 
occur after death by a neural impulse via the myoceptor.  
Ca2+ ions diffuse from the area of higher concentration (in the terminal cisternae 
and extracellular fluid) to an area of lower concentration (in the sarcomere). 
ATPase splits adenosine triphosphate (ATP) to adenosine diphosphate (ADP) and 
phosphate and actin bonds to myosin. In living bodies ATP is synthesised to break 
these bonds. This is impossible within a dead body depleted of oxygen. Therefore 
ATP is no longer provided to operate the pumps in the membrane of the 
sarcoplasmic reticulum, which transports calcium ions back into the terminal 
cisternae (Schmidt-Nielsen, 1997; Ahern and Laver, 1998). 
In addition, in living bodies lactic acid, formed through anaerobic muscle activity, 
can easily be metabolised after oxygen absorption (Maltais et al., 1996; 
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Westerblad et al., 2002). Conversely, in a dead body glycogen decomposition 
leads to an irreversible high lactic acid concentration, resulting in the catenation of 
actin and myosin and the subsequent stiffness of the body (Vass, 2001). 
The rigor mortis dissipates after 2-10 days due to proteolysis during the 
decomposition, which causes muscle relaxation (Perper, 2006). 
 
2.1.1.3 Lividity 
During the lividity process (also called livor mortis or hypostasis) red 
discolorations of the skin become visible as the blood sinks through gravitation 
into the lower parts of the body. The vascular permeability increases causing a 
decrease of the hemo-concentration and displacement of  blood (Vass, 2001; 
Madea et al., 2007). 
 
2.1.2 Late corpse changes 
The actual decay of the soft tissue begins four minutes after death although not 
visible at the beginning. The complete decomposition takes up to several months 
or even years. 
 
2.1.2.1 Autolysis (self digestion) 
Anaerobic cell decomposition is the first step of a body’s decomposition, starting 
from the cell interior without bacteria activity. This process ends with cleavage of 
peptide chains, which are not further decomposed to amino acids (Forster and 
Ropohl, 1986). As the O2 supply to the cells ceases after death the blood CO2 
content increases together with decreasing pH value, leading to cell poisoning and 
thus nutrient-rich liquids emanate from the cell. Enzymes like lipase, protease or 
amylase destroy the cells from the interior, particularly in tissues with high enzyme 
and water content, such as liver, brain, spleen and adrenal gland (Vass, 2001). The 
resulting effect is softening of the tissue without gas production (Forster and 
Ropohl, 1986) and thus no odour is emitted from the remains (Anderson and van 
Laerhoven, 1996). 
Autolytic mechanisms induce a succession of tissue destruction (Janssen, 1984), 
whereby tissue cells with the highest ATP-synthesis rate, biosynthesis and 
membrane transport decompose first as listed in the order below (Gill-King, 1997):  
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 Intestine, stomach, pancreas and liver through high amounts and variety of 
hydrolytic enzymes (gastric lipase, pancreas lipase, amylase (CH digesting) 
and nucleotidase), later through fermentation through the intestinal flora. 
 Heart, blood circulation system 
 Respiratory system and lungs through macrophage, whose lysosome 
emanate hydrolytic enzymes, as well as through bacteria which either 
invade the lungs without functional bronchial ciliary or through inhalation 
 Kidney and spleen 
 Brain and nerves 
 Muscles 
 Connective tissue and skin with relatively stable collagen 
 
Another process always associated with autolysis is heterolysis (Forster and 
Ropohl, 1986). 
 
2.1.2.2 Decomposition (Heterolysis)  
Heterolysis is the process of a body’s soft tissue destruction by micro-organisms 
(bacteria, fungi and protozoa) and results in the catabolism of tissue into gases, 
liquids and simple molecules (Clark, 1997; Vass, 2001). 
The decay of a dead body typically starts under the influence of aerobic bacteria 
that deplete the body of oxygen and generate good conditions for further anaerobic 
decomposition. Subsequently, decomposition continues with the putrefaction by 
anaerobic bacteria (Dent et al., 2004). In fact, the majority of bacteria (96-99%) 
participating in the decomposition of a dead body are anaerobic (Bacteroides, 
Lactobacilli, Clostridia and Streptococci), in part coming from the surrounding 
soil but mostly originating from the organism’s own intestine. However, a small 
percentage (1-4 %) of the bacteria is aerobic and includes the genera Coliformes, 
Enterococci, Proteus and Pseudomonas (Jawetz et al., 1982). 
Anaerobic bacterial decomposition is predominantly a reduction process, 
accompanied by the production of putrefaction gases like ammonia and hydrogen 
sulphide (Perper, 2006), and is known as putrefaction. The first external sign of 
putrefaction is skin discoloration in the underbelly region caused by formation of 
sulphhemoglobin from oxygen-diffusion of the emergent vascular hem and by the 
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formation of sour haematin through gastric hydrochloric acid (Forster and Ropohl, 




Figure 1: Physical (external) changes; after Forster and Ropohl (1986)  
 
 
Internally the human body’s content, composed of 64% water, 20% proteins, 10% 
fat and 5 % minerals (Dent et al. 2004), breaks down to its constituents. (Gill-
King, 1997; Vass et al., 2002; Dent et al., 2004; Statheropoulos et al., 2005): 
 
 The proteins degrade through peptides and amino acids to sulphur, 
nitrogen and phosphor compounds. 
 Fat degrades through glycerine to un- and saturated fatty acid (in 
particular to palm- and oleic acids; Vass et al., 2002) and oxygen 
compounds (compounds), nitrogen and phosphor. 
 Carbohydrate degrades through glucose to oxygen compounds (alcohol, 
ketone), organic acids/ester and putrefaction gases. 
 
A) Protein degradation (proteolysis) 
The process of proteolysis does not occur uniformly throughout the body but 
varies depending on the different tissue types. Bacterial decomposition occurs first 
in neuronal and epithelial tissue including the gastrointestinal tract. Epidermis, 
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reticulum, collagen and muscle protein are more resistant, as is keratin because of 
the disulphide bonds, and therefore decompose later (Gill-King, 1997).  
 Furthermore the rate of proteolysis mainly depends on humidity, 
temperature and bacteria activity. For example, the presence of Streptomyces spec. 
bacteria accelerates the decay process, whereas low temperatures decelerate the 
decomposition rate. Other proteolytic bacteria participating in the decomposition 
process are Pseudomonas, Bacillus and Micrococcus (Dent et al., 2004). 
During proteolysis the bacteria express coenzymes, which degrade proteins to 
amino acids. These acids are then transported into the bacterial cytoplasm, where 
endoenzymes remove, for example, the amino groups via deamination and 
carboxyl groups via decarboxilation (Gill-King, 1997). Further decay leads to the 
production of phenolic substances, scatol and indole, putrefaction gases (CO2, H2S, 
CH4, NH3) and ptomaine (putrescine and cadaverine) (Evans, 1963). Later during 
wet decomposition the pH value decrease due to the CO2, which can lead to 
acidification of the surrounding soil (Gill-King, 1997).  
Sulphur-containing amino acids (cysteine and methionine) are degraded by 
desulphhydralation to hydrogen sulphide and ammonia. The hydrogen sulphide 
reacts further with Fe2+ and Fe 3+ and forms black ironsulphide (FeS, Fe2S3) (Gill-
King, 1997). Anaerobic decay conditions result in a high production of sulphurous 
compounds, for instance heterolysis gases like thiole or mercaptane, which contain 
a sulphhydril group and have an intense odour. Both gases are acidic and can form 
insoluble compounds with heavy metals from the surrounding soil (e.g. mercury). 
Furthermore large amounts of thioles and aromatic compounds change to 
disulphides (Dent et al., 2004). Whereas sulphides are not decomposed further 
under anaerobic conditions, they rapidly oxidise to elemental sulphur under 
aerobic conditions. Afterwards the sulphur will turn through sulphurous acids to 
sulphates (Dent et al., 2004). 
Nitrogen-containing amino acids, such as l-phenylalanine, are deaminated to 
form phenylpyruvic acid and ammonia, or ammonium. If the corpse is exposed in 
the natural environment or buried under acidic conditions, ammoniac will be 
absorbed in the form of ammonium by plants and bacteria and will reache the earth 
or groundwater (Dent et al., 2004). The ammonium taken up by plants either 
results in enhanced plant growth or can lead to chlorosis. The phenylpyruvic acid 
instead forms a green Fe complex in the soil (Gill-King, 1997). 
General Introduction   
 12
Under aerobic conditions ammonia oxidises to nitrate (nitrification). Nitrification 
either occurs directly by exposure to light or during the metabolism of 
heterotrophic organisms, but mostly by autotrophic microorganisms, such as:  
a) Nitrosomonas sp., which oxidises ammonia to nitrite, or 
b) Nitrobacter sp., which transforms nitrite to nitrate. 
This process is pH sensitive and oxygen dependent. If a corpse is buried, 
nitrification occurs above the groundwater level, which acts as an oxygen barrier. 
Nitrate can also be reduced to nitrite, gassy nitrogen or nitrogen oxide (NO2) 
(denitrification) in anaerobic conditions (Dent et al., 2004). Through cation 
exchange in the soil, the ammonium can reach the groundwater, but will mostly be 
accumulated in the soil without oxidising micro-organisms. Anaerobic bacteria are 
able to split ammonia directly from the amino acids, which increases ammonia by 
reduction of oxygen (Dent et al., 2004).  
The decarboxilation of ammonia produces putrescine from ornithine, cadaverine 
from lysine (occurs under the emission of offensive smells) as well as two 
diameres from toxic ptomaines (Gill-King, 1997). The potential toxicity of 
ptomaines, however, is unclear (compare Evans, 1963, Forster and Ropohl; 1986; 
Gill-King, 1997). Proteolysis also occurs in living organisms where nitrogen is 
excreted as urea instead of ammonia (Forster and Rophol, 1986). But urea can also 
occur in dead bodies produced during the decay of xanthine after nucleoside 
(guanosin/adenosin) changed through purinbases (guanin/inosin) to hypoxantine. 
The post-mortem urea however is very constant, similar to keratine (s.a.) (Coe, 
1993).  
Phosphor is released during decomposition from proteins, nucleic acids, 
coenzymes and phosphorous lipids.  If the decomposing body is buried at soil pH = 
6-7, the phosphor oxidises to orthophosphate. At lower or higher pH values most 
of the phosphor is absorbed by metal-oxides and forms insoluble complexes, 
predominately with iron, calcium, magnesium or aluminium and is therefore not 
released into the surrounding soil. Bacteria, however, can break these complexes 
and form phosphorous minerals (Dent et al., 2004). As a consequence, a black 
silhouette around buried carcasses or dead bodies occurs, especially in sandy and 
acidic soils. The presence of phosphorous fertilizer in the soil however can lead to 
higher phosphor values, which leads to incorrect conclusions (Vass et al., 1992, 
Dent et al., 2004). 
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B) Fat degradation 
Fatty tissue consists of 30-50% water, 2-3% proteins and 60-85% fat (i.e. neutral 
fat composed of 90-99% triglyceride) (Reynold and Cahill, 1965). 
Triglycerides are composed of a glycerol molecule and three fatty acids, which 
split through lipase via hydrolytic separation from glycerol (saponification of 
ester) (Linfield et al., 1984). The most common fat tyacid is monounsaturated oleic 
acid, followed by unsaturated linoleic- and palmitoyl acids (during which tissue 
liquidation occurs). 
Under anaerobic conditions bacterial enzymes (e.g. from Chlostridium) hydrate the 
oleic-, linoleic- and palmitoleic acids to stearic-, oleic- and palmitic acids by 
saturating the double bonds with H+ (Evans, 1963). 
Further hydrolysis and hydration of the tissue increase the concentration of 
saturated fatty acids and decrease unsaturated fatty acids (Dent et al., 2004), 
resulting in fat hardening (Gill-King, 1997), sometimes accompanied by 
hydroxylation (adipocere) (Döring, 1973). In addition small amounts of hydroxyl 
acid can be formed. The duration of this chemical reaction depends on the amount 
of neutral fat available (provided water and enzymes are present) (Döring, 1973; 
Gill-King; 1997; Dent et al., 2004). 
Oxidation of fatty acids also occurs under aerobic conditions if bacteria, fungi and 
oxygen are present, whereby UV-light accelerate the oxidation process. After 
hydrolysis of the unsaturated acids they oxidise to aldehyde and ketone (Evans, 
1963). 
Chlostridium perfringens (welchii) from the intestine produce an enzyme, which 
increases the anaerobic hydrolysis and hydration in warm environments (Daldrup 
and Huckenbeck, 1984). Furthermore CO2 and H2O are formed during the fat 
decomposition (Dent et al., 2004). By-products of anaerobic hydrolysis are mainly  




C) Carbohydrate degradation 
After death, the degradation of glycogen to glucose through glyclogenolysis (from 
a complex polysaccharide to a monomer) begins in the liver, where glucose 
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diffuses into the adjacent vessels. High glucose values may indicate diabetes or a 
traumatic death (Sturner, 2006), whereas low values, in particular in combination 
with positive ketone tests (from right arterial blood), suggest hunger before death 
(Coe, 1993). Sugars can oxidise completely to CO2 and H2O or only partially to 
organic acids (which lead to an early acidification of the corpse) (Gill-King, 1997) 
and alcohol (e.g. through Chlostridium sp.). 
Fungi, however, degrade sugars to glucuronic, citric and oxalic acids (Dent et al., 
2004). Bacteria cause degradation paths and products other than fungal 
degradation, which is again determined through the availability of oxygen. 
Through anaerobe decomposition, lactic, butanoic and acetic acids and alcohol, 
such as butyl- and ethyl alcohol, and acetone are formed. However, it is difficult to 
distinguish whether ethanol formed through the decomposition process or is 
derived from the surrounding area (Gill-King, 1997). 
Under the presence of oxygen, glucose decomposes through pyruvic and lactic 
acids and acetaldehyde to CO2 and H2O (Walksman and Starkey, 1931). Other 
volatiles, formed during bacterial carbohydrate fermentation, are methane (CH4), 
hydrogen (H2) and hydrogen sulphide (H2S) (Dent et al. 2004). 
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Table 1: Decomposition process of nutrition and their products during aerobic and anaerobic 
conditions 




protein     
proteoses  CO2 anaerobe Streptomyces 
peptone    Pseudomonas 
polypeptide    Bacillus 
amino acid    Micrococcus 
sulphurous iron sulphide anaerobe  
cysteine H2S    
methionine thiole    
  mercaptane    
  polysulphide    
  S aerobe  
  sulphurous acids    
  sulphate    
nitrogenous phenylpyruvic acid    
L-phenylalanine NH3    
  NH4+ anaerobe  
  Fe-complex     
  nitrate aerobe 
Nitrosomonas sp., 
Nitrobacter sp. 
  nitrite anaerobe  
  N, NO2     
ornithine, lysine cadaverine, putrescine    
guanosine, adenosine urea, keratine, anaerobe  
xanthine  skatole, indole    
phosphorous complexes of Fe,    
phenolic acids Ca, Mg, Al anaerobe  
nucleic acids,      
coenzymes     
sugar phosphate     
phospholipid     
orthophosphate     
fat saturated/unsaturated  anaerobe Chlostridium perfingens 
triglyceride fatty acids   Cl. sordelli 
glycerol esters   
Cl. bifermentans, Cl. 
botulinum,  
  H2O, CO2   
Cl. caloritolerans, Cl. 
chauverii, 
  stearic acid   CI. Cochlearium,  
  palmitic acid   CI. difficile, 
  oleic acid   Cl. sporogenes 
  aldehydes aerobe   
  ketones     
carbon hydrate  CO2, H2O aerobe  
glycogen lactic acid    
glucose acetaldehyde     
pyruvic acid organic acids  anaerobe Chlostridium sp. 
  
aldehyde, ketone, 
alcohol,    
  acetone    
  
glucuronic acid-, citric 
acid, oxalic acid   fungi 
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2.1.3 Conserving corpse changes 
2.1.3.1 Mummification 
The mummification process is the cessation of the water-controlled chemical 
reaction, which occurs during hydrolysis. 
For the mummification, dry and warm conditions (e.g. inside a heated room) are 
necessary. If water quickly evaporates the soft tissue becomes strong and brownish 
leather-like and dry. The mummification only proceeds after initial putrefaction 
and may occur at different parts of the dead body. After complete mummification 




Adipocere describes the conservation of natural fat, which transforms to medium-
long saturated fat acids (predominately C12-C20). The result of adipocere is a 
hardening of the body’s tissue (Jachau and Krause, 2002). During initial 
decomposition of neutral fat, hydrolytic separation of fat acids from glycerol via 
lipase occurs (saponification) (Gill King, 1997; Linfield et al., 1984) resulting in 
tissue liquefaction. 
Fat hardening happens through hydration of the carbon chain double bond (e.g. 
through cholestridium enzymes) that drops the fat’s melting point. A shift from 
long to short chained and saturated fat acids occurs with increasing decomposition 
age (Jachau and Krause, 2002). Due to the presence of sodium ions (Na+)  in the 
liquid tissue at neutral or slightly alkaline ph values, the fatty acids form fatty acid 
salts (through proton exchange of the carboxyl group) resulting in additional fat 
hardening.  
Conversely, the presence of potassium ions (K+) results in fat softening. During 
adipocere sodium is higher concentrated within the intestine. Potassium increases 
later (after destruction of the cell membranes), resulting in a mix of hard and soft 
tissue. Magnesium and calcium ions can substitute the sodium and potassium ions 
if the corpse is buried in soil or under water, which results in further, brittle fat 
hardening (Gill-King, 1997).   
In addition to the described triglyceride degradation through hydrolytic separation, 
a second path of fat decomposition exists and 1,3 diglyceride  forms. Afterwards 
the reduction of an alcohol group leads to 1,3 propanediol difatty acid ester 
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formation. Through further separation a fat acid monoester occurs and finally 
hydrolytic separation resulting in the production of 1,3 propanediol and free fat 
acids. As this progress curve equals the growth curve of bacteria it is assumed that 
the di-glyceride-pathway is bacteria dependent (Doering et al., 1976). 
The termination of the fat conservation is still being discussed. Adipocere is also 
termed “grave wax” (Kahana, et al., 1999), “Fettwachs” (Forster and Ropohl, 
1996), saponification (Gill-King, 1997) or “Leichenlipid” (Döring, 1973). No 
actual wax is detectable during fat hardening but the white grey substance formed 
during fat hardening has a wax-like structure, which has led to the misleading use 
of the term wax.  
During the different adipocere phases, different chemical transformations occur 
(see above) (Doering, 1973). That means the term saponifaction is also not suitable 
as it represents just a part of the whole process. According to Döring (1973) and 
Forster and Ropohl (1996), saponifaction is a secondary process, which depends 
on the corpse’s surrounding conditions.  Actually “Leichenlipid” (Corps-lipid) is 




2.2 Calculating the post mortem interval (PMI)  
2.2.1 PMI by early corpse changes  
Many biological, chemical and physical changes can occur (e.g. through presence 
of bacteria, physiological conditions before death, surrounding conditions) during 
body decomposition, which again depends on many factors (e.g. on the presence of 
insects, oxygen availability, climate conditions) (Bass, 1997; Anderson and 
Hobischak, 2004; Galloway et al., 1989; Komar, 1998).  
Nevertheless, the decomposition of a dead body can be divided into several stages: 
fresh stage, bloated stage, active decay stage, advanced decay stage, dry/remains 
stage and thinning (Anderson and van Laerhoven, 1996).  
However, currently available methods allow PMI determination only within the 
early decomposition stages, and therefore the early signs of body changes can be 
used: 
1) Cooling of the dead body during initial decomposition (algor mortis). 2) 
Visible purplish-red discoloration of the skin caused by settling of the blood in the 
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lower portion of the body (livor mortis; Vass, 2001). 3) Increasing body stiffness 
by muscle contraction (rigor mortis). Body-relaxation, occurring after ~48 hours, is 
caused by proteolysis (Perper, 2006). Other methods like examinations of eye 
bulbs, skin color, content of digestive system, eye fluid (vitreous humor) to 
determine potassium and hypoxanthine concentration can be used to determine 
short PMIs (DiMaio and DiMaio, 2001). 
Due to the large number of factors influencing the decay of a dead body over time, 
estimation of PMIs become increasingly complicated the longer a body is dead. 
The main factors complicating the determinations of the PMI as time progresses 
are: 
 
 burying decelerates the decomposition through both, decrease of gas 
diffusion as well as the increase of the CO2 concentration which leads to 
anaerob conditions. Following the Caspersche rule: 1 x air = 2 x water = 8 x 
buried, that is the duration of the degradation process of comparable dead 
bodies increases from in subaerial, through submerged to buried deposition. 
 the decomposition process within the soil is much more complex than 
previously thought and no visual or chemical stages can be declared. 
 the byproducts of tissue degradation can itself influence the decay rate, where 
the amount of byproducts is proportional to individual body weight 
 temperature, which is the most important environmental factor, influences 
the decomposition. It controls not only the chemical reactions, but also the 
insect and bacterial activity. If the temperature drops, fewer insects settle on 
the corpse.  Fewer insects consume less material, thus leaving more proteins 
and carbohydrates, which degrade via bacterial activity to fat acids (Vass et 
al., 1992). But also the rate of bacterial decomposition is decelerated. 
 
  General Introduction 
 
 19 






Initial Decay  
The cadaver appears fresh externally but is 
decomposing internally due to the activity 
of bacteria, protozoa and nematodes 
present in the animal before death 
No odour 




Algor mortis (rectal determination) 
Initial inhibition: up to 3 h: 0.5°C per hour 
Linear decrease up to 12 h: 1 °C per hour 
Terminal delay through adaption of the 
surrounding temperature 
Delayed at ascendance, cowering posture, 
coverage, high temperature 
Accelerated through humidity, air circulation, 
short weight, stretched posture 
Livor mortis 
5-30 min begins  
2-20 h blood pooling  
12-48 h pushable  
Rigor mortis  
2-4 h begins: after losing phosphate reserves 
6-12 h complete 
3-9 h after release of contraction  
Duration: 48-72 h 
   





Gas start to accumulate 
Discolouration 
Strong odour 
Many insects  
Rigor mortis 
2-10 d release of contraction (through 
proteolysis accelerated at high temperatures) 
5-12 d strong greenish discolouration, gas 
development and degrading blebs 
Up to 20 d swelling, gas crackle, epidermis 
partly detached, hairs and fingernails 





Body collapses as gases escapes  
Complete deflation due to the feeding of 
larvae 
Wet 
Strong smell  
Black putrefaction  
Creamy consistence with exposed parts 
black 
 
 Butyric fermentation  
Some flesh remains, and cheesy odour 
develops 







Temperature drops rapidly 
Less odour 




stage (43+ d) 
Dry decay  
Cadaver almost dry 
Slow rate of decay  
Little or no odour  
Cartilage and skin 
1 month to 1 year mummification 





1 month to 1 year outdoors 
3-4 years in grave 
6 years cartilage decomposition 
10 years complete degradation of all soft 
parts; bone degrease and dehydration  
30 years bones become brittle  
Lasts for ~300-1000 years 
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2.2.2 PMI by forensic entomology 
In this field of applied entomology biologists (entomologists, botanists, 
ecologists), physicians, anthropologists, pathologists, solicitors and the police 
work closely together. The examination of insects, with particular focus on 
systematic, development rates and ecology is a very useful and reliable 
investigation method in forensic medicine (Goff and Flynn, 1991; Anderson, 1995; 
Amendt, 2004; Amendt and Hall, 2007). Forensic entomology can give 
information about the place of death as well as intoxication and hygienic 
conditions before death. However, the most important aspect is the determination 
of the post mortem interval (PMI) (Goff and Flynn, 1991; Greenberg, 1991).  
It becomes more difficult to calculate the time of death the longer a body remains 
undiscovered. After weeks or months the development of scavenger fly larvae is 
often the only indication of the time of death because the succession of insect 
settlement on the carcass happens in a predictable sequence related to the 
decomposition of a body. Since insects arrive on the body soon after death and lay 
eggs, the age of the larvae will lead to an estimation of the time of death (Nishida 
et al., 1986; Catts and Goff, 1992).  
However, to draw conclusions about the time of death always involves to 
evaluating many parameters and their coherence have to be known (Catts and 
Goff, 1992; Anderson, 2001; Grassberger and Frank, 2003a). At first the species 
has to be determined. If the classic-morphologic methods are to time-consuming, 
the different fly larvae can be determined via molecular-biological methods, using 
PCR-RFLPs (Sperling et al., 1996; Malgorn and Coquoz, 1999; Schroeder et al., 
2003). In addition the ecology e.g. phenology (Nuorteva, 1965; Carvalho and 
Linhares, 2001), habitat preferences (Shean et al., 1993; Petrasiunas, 2007), 
nocturnal distribution (Greenberg, 1990; Tessmer et al., 1995; Singh and Bharti, 
2001), their succession schedule on carrion (Rodriguez and Bass, 1983; Anderson 
and van Laerhoven, 1996), as well as the climate- and toxin-dependent 
development rates of the insects (Campobasso et al., 2001; Grassberger and Reiter 
2001; Introna et al., 2001) of the respective species needs to be known. Hereby the 
regional variability that is large within a species has to be considered. Furthermore 
the external factors, variably influencing the settlement and evolutionary 
parameters, play a significant role in PMI determination (Campobasso et al., 
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2001). Size, weight, injuries and apparel needs to be considered in this respect. 
Because of the climate dependence of the fly larvae development rate, the location 
and position of the corpse (Anderson, 2001; Grassberger and Reiter, 2001), but 
also the toxin contents are important (Sadler et al., 1997; Bourel et al., 2001; 
Introna et al., 2001).  
 
2.2.2.1 History of forensic entomology 
The origin of forensic entomology dates back to the 13th century and gained strong 
interest particularly in Germany and France in the 19th century (Reinhard, 1882; 
Yovanovich, 1888). The Austrian entomologist Brauer made the first step from the 
case to systematic investigation (Benecke and Leclercq, 1999). Jean Pierre Megnin 
began to classify the insect settlement into waves and was able to assign the 
succession of individual species to distinct decomposition stages and in 1894 wrote 
“La faune des cadavres: application de l’entomologie a la medecine legale”.  
These methods were introduced to Canada in 1895, where it became relevant in 
justice (Johnson and Villeneuve, 1897). In the following ~80 years forensic 
entomology was forgotten, but regained attention in the eighties of the twentieth 
century (Erzinclioglu, 1983; Leclercq, 1983; Smith, 1986) particularly in North 
America (Keh, 1985; Catts and Haskell, 1990; Mann et al., 1990) 
 
 
Figure 2: Decomposition stages and insects waves; after Megnin (1894) 
2.2.2.2 Succession 
The first insect groups, which arrive at the fresh stage, are blowflies 
(Calliphoridae) followed by other calyptratae (Muscidae, Fannidae) (Rodriguez et 
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al., 1983; Goddard and Lago 1985; Grassberger and Frank, 2003a) even with burnt 
carcasses (Avila and Goff, 1998). 
As putrefaction develops (bloated, active decay and advanced decay stage) more 
groups arrive at the scene. Shortly after the arrival of blowflies, staphylinids and 
other predators settle (Ratcliffe, 1972; Early and Goff, 1986; Goff, 1993). The 
larvae of Sarcophagidae are predators on blowfly larvae, as well as carrion feeders 
(Povolny and Verves, 1997), and occur at the bloating and active decay stage.  
Beetles like the Histeridae have been found during the bloated decay and 
beginning of the dry stage. Both larvae and adults feed on maggots and puparia. 
They usually hide under the corpse during daylight, but become active in the night 
(Byrd and Castner, 2001).  
Some Silphidae, for example species of Nicrophorus, live mainly on larger 
carcasses and bury them. The adults prefer feeding on maggots, but also feed on 
the carrion. The adults feed their larvae until pupariation (Mueller et al., 1990 
Pukowski, 1933; 1934; Milne and Milne, 1976; Scott, 1998).  
The larvae of the cheese skipper fly, Piophila casei, a well-known pest of cheese 
and bacon worldwide, usually occur 3-6 months after death during caseic 
fermentation (Introna and Campobasso, 2000). Adult cheese skippers may occur 
earlier but without laying eggs at first (Anderson and Van Laerhoven, 1996). 
Sepsidae, which can be found in large numbers around excrements and decaying 
materials have been recorded feeding on dead human bodies also in the time of 
caseic fermentation as well as before ammoniacal fermentation (Introna and 
Campobasso, 2000). Stratiomyidae and Sphaeroceridae usually occur late in the 
decomposing process (Anderson and Van Laerhoven, 1996).  
If the body dries out, Dermestidae, Tineidae, Phoridae and certain mites will be the 
dominant animal groups on the body and blowflies will gradually disappear 
(Leclercq, 1999; Schmitz, 1928; Stafford, 1971; Smith, 1986; Anderson, 2001; 
Schroeder et al., 2002). Phoridae also help to constrain the PMI determination of 
buried corpses (Schmitz, 1928; Colyer, 1954; Bornemissza, 1957; Brown, 1992). 
At long deposition times, when insect generations overlap, the fly pupae of 
parasitic ichneumon, e.g. Nasonia (Grassberger and Frank, 2003 b) help to 
determine the time of death. 
In regions with temperate climates, dead bodies can be conserved in snow 
throughout the winter and appear after snowmelt. As very few insects are active in 
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the winter it becomes difficult to estimate the PMI. Then the larvae of the winter 
gnat, Trichocera, which can develop on carrion in the winter, become very helpful 
(Erzinçlioglu, 1980).  
Dryomyzidae, Ephydridae and Heleomyzidae are often found on corpses deposited 
under moist conditions, such as in wetlands or near freshwater, marshes and the 
seashore. The larvae are aquatic, and many species of Ephydrida occur in brackish 
or even strongly saline or alkaline water (Lord et al., 1984). But the most common 
group on carrion in water is Chironomids (Vance et al, 1995) and Trichoptera 
(Haskell et al., 1989). Coelopidae are very abundant where seaweeds have washed 
up (Lord et al., 1984). Anderson (2010) found a plethora of amphipods, shrimps 
and crabs, as well as annelida, molluscs and even sea stars beside the scavanger 
fishes (gobies and cods) in a coastal marine environment. 
 
 
Figure 3: Insect succession on carrion; after Rodriguez and Bass (1983). 
 
2.2.2.3 Development 
The age determination of maggots and puparia is a key element in the analysis of 
cadaver fauna for the estimation of PMI. This is made by interpolating growth-rate 
data records from Diptera rearings at known exposition conditions (Anderson, 
2000). These experimental studies have shown that the rate of dipteran 
development depends on the species and environmental factors (temperatures, 
humidity, rainfall, ventilation, sun or shadow, outdoor or indoor conditions). For 
example, the microclimate is a very important factor in civic dwellings. Also the 
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regional temperature adaption of each species has to be considered (Reiter, 1984; 
Byrd and Castner, 2001). 
The aging of diptera larvae should always take into account that after reaching the 
maximum size, they shorten in progression of the prepupal stage. Also killing 
methods after collecting larvae from a carcass can cause differences in their body 
length. To avoid this, boiling water should be used before storage in 70% ethanol) 
(Introna and Campobasso, 2000). 
In addition to growth tables, morphological features such as cephalopharyngeal 
skeleton or posterior spiricals should be examined. A combined performance of 
length and weight is ideal (Nishida et al., 1984). Other methods like using 
accumulated degree days (ADD) for estimating the age of larvae is still discussed 
(Greenberg, 1985; 1991; Catts, 1990). 
Medication or drug abuse of the corpse at lifetime is an important factor. Even 
after long PMIs the accumulated chemicals can be found in the feeding insects. It 
is necessary to know how the medicals influence the growth of the larvae (Bourel 
et al., 2001; Introna et al., 2001). 
 
2.2.3 PMI by chemical marker 
Another method to identify decomposition stages is the investigation of the 
chemical decay rates, although not well understood to date. 
Vass et al. (2002) identified the process of decaying compounds of amino acids, 
bases, phosphates and sugars, palm and oil acids on a few buried bodies. Based on 
the decay products, however, only little information about the PMI can be 
obtained: 
 
A) Proteins  
The strong increase of amino acid concentration in the blood and the cerebrospinal 
liquids can be used for PMI determination within 20-24 hours after death. Also the 
fact that the ammonia level in the blood plasma increases linearly is helpful, but 
this is strongly influenced by the cause of death and by the surrounding 
temperature. 
The keratin content increases slowly but steadily within ten days after death and 
can therefore be used as approximate PMI indicator after c. three days (Coe et al., 
1993). 




The progress of post mortem fat transformation strongly depends on the adipose 
(physical) and ferment (physiological) condition in the corpse, but also on 
environmental factors, such as 1) microorganisms, 2) the presence of oxygen and 
water and 3) the constitution and chemistry of soil, soil surfaces or other 
surroundings (Döring, 1975). The influence of the external conditions on adipocere 
remains controversial (Szathmary et al., 1985). Warm and humid conditions are 
beneficial and will accelerate the process of adipocere (Gill-King, 1997; Vass, 
2001; Forster and Ropohl, 1996). If enzymes are absent, the body water is 
sufficient to drive hydrolytic separation. Uncertainties however exist about the 
effects of oxygen availability and the pH value in the soil (compare Gill King, 
1997; Vass, 2001). 
Further complications to determine adipocere may arise because the formation of, 
for example, brain lipid and bone marrow fat, form distinct characteristics of 
adipocere developing. 
Because of the high variability of the influencing factors, adipocere cannot reliably 
be used to determine PMIs.  
Little information about the time of death, however, can be obtained mainly based 
on the oil acids concentrations in the body (Döring, 1973). 
 
C) Carbohydrate 
For PMI determination the postmortem glucose level is too variable and cannot be 
used. Also the concentration of pyrivic acid rapidly decreases within 10 hours after 
death and has no forensic meaning 
The only PMI-relevant information from carbohydrates is the content of lactic acid 
in the blood, which increases within one hour after death by factor 20 and by factor 
50-70 after 24 hours (Coe et al., 1993).   
 
D) Volatile organic compounds 
As numerous applications would benefit from a better understanding of the 
olfactory signature of death and their volatile constitutions the interest in chemical 
analysis of volatile organic compounds (VOCs) in dead bodies has increased in the 
last few years (Statheropoulos et al., 2005). VOCs produced during the decay 
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process provides chemical signals (Thanatochemistry; Dekeirsschieter et al., 2009) 
that can be detected and for example used in forensic sciences, search and rescue 
units and by environmental scientists (Satheropoulos et al., 2007). The 
determination of VOCs also helps to estimate PMIs (Vass et al., 1992; Vass, 2001; 
Vass et al., 2002; Dekeirsschieter et al., 2009) and maybe even to detect the 
etiology of death (Statheropoulos et al., 2005 and 2007) or to train cadaver dogs 
(Oesterhelweg et al., 2008; Hoffman et al., 2009; Killiam, 2004; Komar, 1999; 
Vass et al., 2004). 
However, little is known about the changes of chemical composition of volatile 
organic compounds emitted during progressing decay to date (Statheropoulos et 
al., 2005). Existing information about VOCs are mainly based on distinct 
examples of dead bodies, often of human corpses in the natural environment 
(forest, field etc.), and are barely comparable. Most decomposition-experiments 
used to determine the chemical composition of VOCs were conducted in enclosed 
environments, such as in body bags or the corpses were buried in soil 
(Satheropoulos et al., 2005; Vass et al., 1992), without contact to the necrofauna 
(Dekeirsschieter et al., 2009). 
In his study Statheropoulos et al. (2005) compared volatile compounds emitted 
from a single time point in the decay process, with metabolites of pathological 
modified metabolism.  
Kalinova et al. (2009) determined the composition of volatiles emitted by fresh 
rodent carcasses to acquire a theoretical basis for development of a monitoring 
technique. Dekeirsschieter et al. (2009) used dead pigs as an animal model and 
compared the emitted volatile compounds from their bodies in three different 
biotopes.  
Vass et al. (1992, 2004 and 2008) however used buried human corpse.  Previously, 
in 1992 Vass et al. identified the correlation between decomposition stage and the 
formation of VOCs because of sequential decay of protein and carbohydrates and 
suggested the use of VOCs to estimate the PMI. Vass furthermore started 
comprehensive experiments to build a VOC database, identified 478 volatile 
compounds (Vass et al., 2004 and 2008) as well as observed a correlation between 
soil moisture, the ante mortem body weight and temperature. Based on his results 
Vass et al. (2004) improved the accumulated degree days (ADD) score. The ADD 
score indicates how many days a body must have been dead with known 
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decomposition stage (in fatty acid level per soil- and body weight) compared with 
the sum of day temperature average. In particular the depth of burial leads to 
different profiles of VOCs because of the different oxygen partial pressure, which 
influences microorganism activity and occurrence (Rodriguez and Bass, 1985; 
Vass et al., 2004). 
The VOCs can be divided into several substance classes (Vass et al., 2004). 
However the evolution rate of the compounds differs significantly between classes 
during decomposition (Satheropoulos et al., 2007). In the following the classes are 
explained and further investigated in this study. 
1. Oxygen compounds (alcohole, aldehydes, ketones): Alcohol and carbonyles 
occur especially after the carbohydrate metabolism. Ketones instead are produced 
in addition to glycose metabolism through deamination of amino acids and during 
fat metabolism. The breakdown of triglyceride liberates increased amounts of 
ketone-bodies like acetoacetic acid which decomposes through lipolysis to e.g. 
acetone (Kundu et al., 1993). Alternatively they can occur after hydrolysis of the 
unsaturated acids when these oxidise to aldehyde and ketone (Evans, 1963).  
Especially the alcohol production shows that different bacterial species or habitats 
lead to different profiles of putrefactive volatiles (Huckenbeck, 1987; O’Neal and 
Poklis, 1996). For example: 
 Clostridium aminovalericum: acetone, ethanol and 1-butanol;  
 C. cadaveris: acetone, ethanol, 1-butanol, isobutanol, n-butanol, isoamyl 
alcoholand n-amyl alcohol (Huckenbeck, 1987);  
 Underwater: Methanol, Ethanol, 1-propanol, 1-butanol, 2-propanol 
(Tomita, 1975). 
2. Carboxylic acids (Fatty acids): Volatile fatty acids originate from fat and 
protein (primarily muscle) depots and acids are generated by temperature-
dependent anaerobic and aerobic micro-organisms. For example, the intestine 
bacterium Chlostridium perfringens welchii produces an enzyme, which increases 
the anaerobic hydrolysis and hydration in a warm environment (Dent et al., 2004).  
The reduction and oxidation of proteins results (through amino acids) ultimately in 
short chain carboxylic acids formation (Vass et al., 1992; Vass, 2001), whereupon 
the duration of the chemical reaction depends on the amount of available neutral 
fat (Döring, 1973; Gill-King, 1997; Dent et al., 2004). 
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3. Esters: The production of carboxylic acid esters is a result of the Esterification, 
which means they are the product of alcohols and the fatty acids (Statheropouloset 
al., 2005) (Hydrolyse of esters is called saponifaction, see 2.1.2.2 B and 2.1.3.2).  
However, their rate of formation strongly depends on environmental factors like 
barometric pressure (Vass et al., 2004). 
4. Sulphides: The formation of volatile sulphides occurs after protein degradation. 
It is believed to be the result of the enterobacterial degradation of mainly 
methionine (Wahl et al., 1999; Dent et al., 2004). Because sulphide compounds 
seem to have the highest amounts in VOCs they are likely to have the strongest 
meaning in the decaying process (Stensmyr et al., 200;, Statheropoulos et al., 
2005; Kalinova et al., 2009). 
5. Cyclic compounds: Cyclic compounds like aromatic compounds and 
monoterpene are a result of protein-, fat- and carbohydrate- metabolism. For 
example the indole family develops through the amino acid tryptophane, whereas 
isoprene is a product of the mevanolic acid pathway of the cholesterol synthesis 
(Philips et al., 1999). Similar to the esters, their formation is influenced by the 
barometric pressure (Vass et al., 2004). 
6. Nitrogen compounds: Nitrogen-containing amino acids, like phenylalanine or 
lysine, are deaminated to form phenylpyruvic and acid ammonia, which can be 
further converted to ammonium (Dent et al., 2004). The products are particularly 
amine as putrescine and cadaverine (Cooke et al., 2003). (See also the cyclic 
compounds.) 
7. Noncyclic hydrocarbons: Alkanes are produced from oxygen free radical-
mediated lipid peroxidation of fatty acids (Philips et al., 1999) and their production 
is strongly influenced by air temperature (Vass et al., 2004). 
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2.2.4 PMI by VOCs and Forensic Entomology 
Because of the sequential decay of proteins, fat and carbohydrates, a direct 
correlation between the decomposition stage of a dead body and the occurrence of 
VOC’s are taken for granted. The ratio of e.g. fatty acid, in addition to visual 
inspection of a corpse, can be used to ascertain which decomposition stage applies 
(Vass et al., 1992). Thus the knowledge of VOCs, combined with forensic 
entomology, is currently one of the best means to determine the PMI (Vass et al., 
2002). It is known that necrophagous insects are attracted by the odour of emitted 
decomposition volatiles and the succession of insect settlement is well related to 
the stages (Anderson and van Laerhoven 1996; Grassberger and Frank 2004; 
Rodriguez and Bass, 1983; Catts and Goff, 1992). However, it’s not known which 
compounds attract the different scavenger species although the volatiles of many 
different decomposing carcasses have been studied (Kalinova et al., 2009). 
Therefore it is important to determine the volatile composition, which attracts the 
different insect species, and the relation between the emitted compounds and the 
influence parameters must be known. Longterm monitoring of VOCs under 
controlled experimental conditions (through animal models) could provide useful 
data to resolve the chemical puzzle of the dead body’s chemical fingerprint 
(Satheropoulos et al., 2007). 
 
 
2.3. The fly 
2.3.1 Systematic 
Our model taxon, the greenbottle fly Lucilia caesar (Linnaeus, 1758), can be found 
within the group of Brachycera with the infraorder cyclorhapha, or muscomorpha, 
which is the largest and most diverse and common group of flies (~80.000 
species). It includes a number of familiar flies, such as the housefly, the fruit fly 
and the blowfly. Their antennae are short, usually 3-segmented, with a dorsal 
arista.  
The muscomorph larvae have a reduced head capsule, and the pupa is formed 
inside the exoskeleton of the last larval instar, the puparium. No other insects have 
a life cycle that involves a puparium. The exit from this puparium is via a circular 
perforated line, and this pupal type is called "cyclorrhaphous" (McAlpine and 
Wood, 1989).  
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The subdiversions Schizophora - Calyptrata have a head bulb to blast the circular 
lid of the puparium and well-developed calypters as their name implies (Zumpt, 
1956).  
The greenbottle fly belongs to the family of blowflies (Calliphoridae). Members of 
Calliphoridae possess an unbroken costa, an apparent sub-costa and the radial 
sector is two branched. They have a frontal suture and the thorax has the 
continuous dorsal suture across the middle. The post-scutellum is absent, or 
weakly developed. All blowflies have bristles located on the meron, two 
notopleural bristles and a hindmost posthumeral bristle located lateral to a pre-
sutural bristle. The characteristics and arrangement of hairs are used to tell the 




Figure 4: Phylogenetic tree of the Cyclorrapha; adapted from McAlpine and Woods (1989); Mc 
Alpine et al. (1981 and 1987); Rognes (1997); Griffiths (1994); Vossbrinck and Friedman (1989). 
 
 
2.3.2 The biology of blowflies 
Worldwide ~1000 blowfly species are known, of which at least 27 are of the genus 
Lucilia Robineau-Desvoidy, 1830. Like all other Calliphoridae, which are 
remarkably metallic and shiny, it is a green gleamy fly, 7-11 mm long (Rogners, 
1991; Stevens and Wall, 1997). 
Lucilia caesar is spread through the Palearctic region and dispers from March to 
October. Their life span, if not in captivity, is up to six weeks (Mackerras, 1933). 
 
















Figure 5: Lucilia caesar (L.) 
 
Adult blowflies are herbivores and are also found on faeces and rotten organic 
substrates (saprophagous/necrophagous). They are occasional pollinators, being 
attracted by flowers emitting a strong odour resembling rotting meat, such as the 
American pawpaw or Dead Horse Arum (Stensmyr et al., 2003).  
The larvae of Lucilia (or Calliphora) species are either saprophagous or 
necrophagous. 
For example, Calliphora vicina may prefer to breed in exclusively faecal material 
(Zumpt, 1956), whereas Lucilia sericata breeds in garbage of vegetable origin 
(Norris, 1965), and Lucilia caesar is the first insect that arrives and breeds on a 
dead body hence their importance in forensic medicine (see 2.2.4) (Stevens and 
Wall, 1997). 
However, as carcasses are more frequently found in rural regions, garbage, 
slaughterhouses and dog poo are important breeding sites for blowflies in urban 
areas (Norris, 1965). 
Blowflies are primarily oviparous and lay their eggs (up to 800 per life span) if 
available on exposed dead bodies, especially on vertebrates irrespective of their 
size (Schuhmann, 1973). 
Due to their occurrence in large numbers, blowfly-larvae play an important role in 
natural communities as decomposers and scavengers. It has been estimated that the 
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offspring of 2000 blowflies need ~300kg of meat in 3 days to mature (Schumann, 
1965). Furthermore, stages of development of the fly vary in time with temperature 
and species (Reiter, 1984; Byrd and Castner, 2001). 
For example, at 27°C and 50% RH C. vicina spends 24 hours in the egg-stage, then 
24 hours in the first larval instar, followed by 20 hours in the second, seven days in 
the third larval instar (inclusive pre pupae), and remains eleven days as pupae. This 
sums up a total of ~3 weeks for a full development to an adult blowfly. 
Before moulting, the third larval instar stops eating and migrates ~5-7m from the 
breeding site. After a rest period the larvae evolves into an initially white pupae 
(pre pupae), whose surface darkens from brownish to deep purple-black with time 
(Rogners, 1991). 
After hatching the adult blowfly first needs carbohydrates followed by a protein 
rich diet to prosper and for their reproduction (see 3.2 and 3.3). 
 
2.3.3 Medical aspects of blowflies 
In addition to the values of forensic entomology in legal medicine there are some 
other important medical aspects to be considered. As mentioned previously, many 
blowfly species feed on faeces. They may lay their eggs in fresh or cooked meat, 
and fish or diary products and are therefore of the greatest hygienic importance as 
they are potential vectors of bacteria, viruses, protozoans and helminths 
(Schumann, 1965 and 1971). 
Some species, like Lucilia sericata und Lucilia cuprina (and ~80 more), are 
optional ectoparasites. The eggs are laid in open wounds of vertebrates and the 
larvae feed on necrotic cells but may also attack the healthy tissue. This effect that 
can end deadly is called Myiasis. 
Furthermore, Lucilia caesar and Lucilia illustris can potentially be secondary 
parasites, as they attack animals, that are already infected. Often domestic animals, 
mostly sheep, are attacked (see 3.3) (Stevens and Wall, 1997). 
There are also obligatory parasites like Cochliomyia hominivorax (screw-worm) 
that suck blood or feed on tissue of living animals, for example Lucilia bufonivora 
is very specialised and parasites the eyeholes of toads (Zumpt, 1956). 
Also, a single species can show saprophagous nutrition or parasitism depending on 
spatial distribution. Changing the feeding strategy and development of myiasis-
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agents can occur due to changing climate conditions (Graham-Smith, 1916; 
Stevens and Wall, 1996). 
The medical field took advantage of blowfly larvae by placing them in cankerous 
wounds, which are then cleared of necrotic tissue (e.g. Fleischmann et al., 2004). 
Already Hieronymus Fabricius (1537-1619) and Dominique Jean Larrey (1812) 
first noticed the positive effect of the maggots and noted them  to be not only fast 
and efficient at wound healing but also causing higher survival ratio of the 
patients. After the First World War, the American Chirurgic William S. Baer 
sterilized blowfly eggs to receive aseptic breeding and feed aseptic food. “Surgical 
maggots” of Lucilla sericata (and Phormia regina) were eventually offered by 
pharmacutical businesses (Grassberger, 2002). 
 
 
2.4 The olfactory sense of flies 
Olfaction is an ancient sensory system allowing an organism to detect chemicals in 
its environment. For insects, orientation by olfaction is most important for food 
detection, finding partners and suitable places for oviposition (Keil et al., 2001; 
Hallem 2004). In particular the ability to sense female pheromones over long 
distances made butterflies (Bombyx mori, Antherea polyphemus) interesting 
species to study the mechanisms of olfaction (Kaissling and Priesner, 1970; Vogt 
and Riddiford, 1981; Steinbrecht et al., 1995) as well as Drosophila melanogaster 
(Stocker, 1994 and 2001; Shanbag et al., 1999 and 2001; de Bruyne et al., 1999; 
Keller and Vosshall, 2003). 
Some research has also been done on the olfaction of blowflies (Saxena, 1958; 
Kaib, 1974; Kuhbandner, 1985; Huotari and Mela, 1996). 
The olfaction organs are mainly located on the antennae and consist of numerous 
accessory sensilla (Siddiqi, 1991). In flies (cyclorhaphe Brachycera) these are 
located at the third antennal segment (funiculus) and the maxillary pulps 
(Shanbhag et al., 1999; Pfeil et al., 1994; de Bruyne, 1999). 
Like the antennae of different insects, the sensillas have different forms and 
shapes, although all showing the same organisation (Keil, 2001): a porous cuticula, 
through which odour molecules can flow, encloses a with viscous sensillum lymph 
filled lumen. The dendrites of the bipolar receptor cells (ORNs = olfactory receptor 
neurons) reach into the lumen. The axones of the ORNs extend downward into the 
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glomeruli in the antennal lobe (Steinbrecht, 1997 and 1999; de Bruyne 1999). The 
antennae of Drosophila melanogaster contain c. 1200 ORNs whereas the maxillar 
palps comprise c. 120 (Stocker, 1994).  
 
 
Figure 6: Scheme of a sensillum shows the porous cuticula, viscous sensillum lymph filled lumen, 
bipolar receptor cells (ORNs = olfactory receptor neurons) with the dendrites reaching into the 
lumen and the axons extending downward into the glomeruli in the antennal lobe (Keil, 2001) 
 
 
Ultrastructural antennae investigations lead to a uniform notation of olfactive types 
of sensilla (Stocker, 1994; Shanbag et al., 1999; Keil, 2001). On the antennae of 
flies are three types of sensilla listed in Table 3 (Sensilla basiconica, S. trichoidea 
und S. celoconica (Shanbhag et al., 1999)). 
Specific functional differences of the sensilla types were suggested by Park et al., 
(2000 and 2002). Clyne and others (1997) have documented odour responses of all 
morphological classes of sensilla on the surface of the Drosophila antenna. The 
results demonstrate that all classes of sensilla are olfactory, and they reveal the 
organizational complexity of the Drosophila olfactory system. Sensilla basiconica 
responds to general odours whereas sensilla trichodea responds to odours believed 
to be pheromones.  
Most animals display a number of behaviours and respond to a multiplicity of 
stimuli (Browne, 1993). External stimuli like the odour of resources are spotted by 
  General Introduction 
 35
Table 3: List of sensilla type and their functional aspects. After Keil (2001) 
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the chemical-olfactory sense, which is important for insects to observe the 
surroundings, especially for flying insects (Bell et al., 1989).  
If we consider the resource searching behaviour of female flies it is essential to 
know the functional aspects. Are they gravid or do they mate on the spot? Do they 
search for an oviposition site or mating site? In the latter case’ mating stimuli like 
pheromones play the main role. But in the first case, we assume we need to 
understand which volatile organic or other cues are responsible to mediate the 
behaviour. 
 










Figure 7: A:picture of Lucilia caesar’s antennae with the 
 Sensilla on the funiculus SEM; B: magnification of the 
 funiculus by  SEM; C: close up of the sensilla by SEM; 
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2.6 Aim and outline 
This thesis was completed in order to resolve the following questions, which are a 
key to a better understanding of 1) decomposition processes 2) olfactory mediated 
behaviour of flies and ultimately 3) to help developing a reliable method to 
estimate PMIs. 
 
Part one (3.1) Chemical analysis 
What kind of volatile organic compounds (VOCs) occur during decomposition 
under different conditions? 
How is the distribution of volatiles within and between the stages? 
 Headspace analysis of 6 decomposition stages of dead mice (n=10),  
 GC-MS anlalysis: qualitative and quantitative determination of the VOCs 
incl. the linear retention index for the compounds 
 Statistialc approach regarding the significant compounds of the different 
decomposition stages 
 
Part two (3.2) The preference of decomposition stages  
Is there a preference in Lucilia caesar for particular decomposition stages? 
Are there differences between males and mated and unmated females? 
Which comounds or compound classes do the flies prefer? 
 bioassays with 6 decomposition stages of mice tested with  male, unmated 
female and mated female  Lucilia caesar 
 Statistical approach regarding the preferred compounds for each 
physiological stage of the flies 
 
Part three (3.3) The olfactory mediated behaviour and oogenesis regulation 
Is there a relationship between physiological condition in females and odor 
attraction? How is the oogenis in Lucilia caesar mediated? 
Which compounds are finally attractive to which physiological stage? 
 Tests of gravidity and egg development depending on protein nutrition 
(ovary preparation, oviposition) 
 bioassays with 8 physiological conditions of flies and a carcass 
 bioassays with 8 physiological conditions of flies and 6 compound classes 
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3.1 Chemical analysis - The composition of carcass volatile profiles in relation to 
storage time and climate conditions 
 
3.1.1 Abstract 
After death organisms are decomposed by a variety of enzymes and 
microorganisms. The decay is typically accompanied by the emission of a plethora 
of volatile organic compounds responsible for the unpleasant odour of a carcass 
and thus, for the attraction of necrophagous insects. The composition of carcass-
related odour profiles strongly depends on the composition of macro-nutrients like 
fat, carbohydrates, and particularly protein, as well as on the presence of oxygen 
which influences the community of microorganisms colonizing the corpse. The 
impact of abiotic factors like temperature and humidity on carcass-related volatile 
emission is less well understood although these parameters are known to have a 
strong impact on the growth of microorganisms. In the present study we 
investigated the volatile succession released from dead mice stored for one, ten and 
30 days under warm/humid (wh, 22°C/80-90% RH) or cold/dry (cd, 12°C/40-60% 
RH) climate conditions. We identified 51 typical carcass volatiles by coupled gas 
chromatography-mass spectrometry and analysed the volatile profiles by 
multivariate statistical methods to find compounds characterizing the different 
stages. Dead mice stored under wh conditions released volatiles much faster, in 
higher amounts, and in a greater diversity than those stored under cd conditions. 
The relatively low amount of sulphur chemicals released under cd conditions was 
most striking. The results are discussed with respect to their possible applicability 
in forensic science and insect ecology studies. 
 
3.1.2 Introduction 
During decay a dead body emits a diverse bouquet of volatile organic compounds 
(VOCs), whose composition depends on the stage of decay. Each of these stage 
specific odour profiles is attractive for distinct insect species, resulting in a 
succession of insect settlement indicative of the decomposition stage of the 
cadaver (Anderson and van Laehoven, 1996) Therefore the arrival time (or time of 
settlement) of each insect species on a corpse allows conclusions about the stage of 
decomposition and hence enables an estimation of the time that has passed since 
the actual death, known as post mortem interval (PMI) (Catts and Goff, 1992). 
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Furthermore the study of carcass-related VOCs might not only help to better 
understand the ecology of necrophagous insects (Kalinova et al., 2009) but might 
also complement faunistic approaches in human forensic science (Vass et al., 
2002). 
The decomposition of a dead body depends on numerous external factors such as 
climatic conditions (temperature, moisture) and covering, as well as pH and partial 
pressure of oxygen if the body is buried (Campobasso et al., 2001). Therefore, the 
composition of VOCs should also vary under differing abiotic conditions 
(Anderson and van Laerhoven, 1996). However, the influence of the decay-
schedule on the composition of carcass-associated VOCs and thus on insect 
settlement is largely unknown (Kalinová et al. 2009; Dekeirsschieter et al., 2009). 
To make reliable estimates of the exact timing of a body’s death, it is essential to 
better understand the impact of abiotic factors on the formation of VOCs 
(Statheropoulos et al., 2007; Vass et al., 1992; Vass et al., 2004; Vass et al., 2008). 
Heterolytic post-mortem transformations, which accompany VOC emission from 
decaying cadavers, are mediated by microorganisms (bacteria, fungi, and protozoa) 
(Vass, 2001; Paczkowski and Schütz, 2011). The decay of a dead body typically 
starts under the influence of aerobic bacteria that deplete the body of oxygen. 
Subsequently, decomposition continues with putrefaction by anaerobic bacteria 
(Dent et al., 2004). In fact, the majority of bacteria (96-99%) participating in the 
decomposition of a dead body are anaerobic, in part coming from the surrounding 
soil but mostly originating from the organism’s own intestine (Jawetz et al., 1982). 
Putrefaction is the process of bacterial decomposition under anaerobic conditions 
predominantly by reductive processes accompanied by the production of 
putrefacient gases like ammonia and hydrogen sulphide (Perper, 2006).  
High-molecular nutrients break down to their constituents. Proteins degrade via 
peptides and amino acids to smaller sulphur, nitrogen, and phosphor containing 
compounds. Triacylglycerides are saponified into glycerine and free fatty acids, 
which may be further processed into mostly carbonylic degradation products. Di-, 
oligo- and polysaccharides are hydrolysed into glucose and other monosaccharides, 
which are typically decomposed to organic acids and other oxygenated compounds 
(Vass et al., 2002; Dent et al., 2004; Boumba, 2007; Statheropoulos et al., 2005; 
Gill-King, 1997). 
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Microbial activity on these low-molecular precursor substances leads to VOCs 
from numerous chemical classes responsible for the intense smell of decaying 
carcass (Paczkowski and Schütz, 2011; Vass et al., 2004). 
Studies dealing with carcass-related VOCs (Table 1) revealed that many of these 
compounds are common in the headspace of decaying carcasses independently of 
the species. However, to our knowledge, a systematic investigation of the time 
dependent emission of VOCs from carcasses, under controlled and standardized 
abiotic conditions, has not yet been performed. In the present study, we sampled 
the headspace of decaying mouse cadavers stored under controlled temperature and 
humidity conditions at different time points for a period of max. 30 days post 
mortem. The resulting volatile profiles were analysed by coupled gas 
chromatography-mass spectrometry (GC-MS). We applied multivariate statistical 
techniques such as principal component analysis (PCA) and orthogonal partial 
least squares-discriminant analyses (OPLS-DA) (Wold et al., 1989) to identify 
those compounds that are characteristic for particular decay stages and abiotic 
conditions. 
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Table 1: Studies investigating the composition of carcass-associated volatile organic compounds 
Study object  Corpse conditions Sampling  Technique Consequence/outcome Approach Reference 
 
7 humans 
60 hrs, buried, 
field condition 
every 3-7 days, 
long term 
aliquot of soil sample 
GC 
accumulated degree days (with known 
decomposition stage (in fatty acid level per soil- 
and body weight) compared with the sum of day 
temperature average) 
forensic Vass et al. (1992) 
 
gulls 
unknown unknown headspace GC-MS GC-
EAD 
physiological and behavioural response of 
blowflies to organic mono- and polysulphides; 
chemical carcass mimicry of Arum flowers 









years, 2 depths  
triple sorbent traps 
 GC-MS 
compound classes and the influence of abiotic 
factors,  Decompositional Odor Analysis (DOA) 




3-4 weeks, water, 
plastic bag 
one sample SPME  
TD-GC-MS 
86 compounds identified and compared with 
pathological metabolite pathways in living humans 
forensic Satheropoulos et al. (2005) 
 






4 years triple sorbent traps 
GC-MS 
database with 478 compounds, providing 
chemical trends, and semi-quantitation of  the 
"odor signatures" of buried human decomposition 
remains for canine training and development of 
portable analytical  
forensic, VR  Vass et al. (2008) 
 
pigs 
4 hrs, field 
condition, spring 




comparison of decomposition stages divided with 
35 identified compounds occurred in different 
biotopes 









occurrence of sulphur compounds  and their role 
in mediating fresh carcass attractiveness  to 
Silphid-species 
ecological Kalinova et al. (2009) 
14 human 
tissue samples 
unknown age 48 hrs SPME 
GC-MS 
33 compounds identified, compound classes 
compared with tissue types respectively 






25 days Headspace 
GC-MS 
13 compounds identified for the post-bloating 
stage, comparison of sex- and age-related 
differences in beetle attraction (Dermestes 
maculatus) to several decomposition stages  










50 compounds identified, chemical trends as a 





 EAG: electroantennography SPME: Solid phase micro extraction  
 GC-EAD: gas chromatography with  TD: Thermal desorption 
 electro- antennographic detector                                        TOMS: Time of mass spectrometry 
 GC-MS: gas chromatography mass spectrometry              VR: Victim recovery 
 FTIRS: Fourier transform infrared spectrometry 
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3.1.3 Material and Methods 
3.1.3.1 Animals 
We used 60 dead mice of both sexes in this study, which originated from the same 
rearing at the University Hospital Charité Berlin, and were of the same size and 
age and fed the same diet (hay food pellets). For ethical reasons we used mice 
scheduled to be destroyed due to stock size and dispatched them by breaking the 
spinal cord. This method had no effect on the subsequent decomposition process, 
unlike those caused by poison or open wounds (Catts and Goff, 1992). 
Immediately after death, mice were put in an open glass Petri dish (12 cm 
diameter) and allowed to decompose in climatic exposure test cabinets under two 
controlled climate regimes: (a) warm and humid (referred to as wh, 22 °C, 80-90 
% RH) and (b) cold/dry (referred to as cd, 12 °C, 40-60 % RH) for one, ten and 30 
days respectively (supplementary file 1). Ten replicates were done for each climate 
regime for duration of 18 months.  
During the wh regime fresh, bloating and advanced decay could be clearly 
determined for the three different time settings. Fresh and active decay stages 
appeared to occur in the cd regime but were more difficult to assign to the five 
decomposition stages commonly observed (Anderson and van Laerhoven, 1996). 
The different physical changes of the carcasses during decomposition caused by 
different treatments are shown in the supplementary material.  
We are aware that emitted VOCs may differ according to diet and between animal 
species (including humans). However, the core pattern of mammalian VOCs 
responsible for attracting common necrophagous insects is comparable as these 
insects settle in similar predictable patterns on dead mammal species, depending 
on the decomposition stage (Watson and Carlton, 2003). 
 
3.1.3.2 Volatile sampling 
After one, ten and 30 days, VOCs of decaying mice were sampled for one hour at a 
flow-rate of 100 ml/min using a Brechbühler closed-loop volatile sampling system 
(Brechbühler, Schlieren, Switzerland). The volatiles were immobilized on 
commercially available adsorption tubes (65 mm length x 5 mm inner diameter, 5 
mg activated charcoal, Gränicher and Quartero, Daumazan, France) 
(supplementary file 3). The activated charcoal was fixed within the tube by two 
fine meshed stainless steel screens and eluted with 25µl dichloromethane 
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containing 10 ng/µl methyl octanoate (Sigma-Aldrich, 99%) as an internal 
standard. Volatile extracts were stored at -20 °C in 1-ml glass vials equipped with 
100 µl micro-inserts.  
 
3.1.3.3 GC-MS analyses 
Aliquots of the extracts (1 µl splitless, n = 10 for each treatment) were analysed by 
GC-MS using a Fisons 8060 GC coupled with a Fisons MD800 quadrupole MS. 
Analytical separations were done on a 30m x 0.32mm I.D. DB-Wax fused silica 
column (film thickness 0.25 µm) (J and W Scientific, Folsom, CA). The 
temperature program started at 40°C (held for 4 min), raised by 3°C/min to a final 
temperature of 250°C (held for 15 min). Helium was used as carrier gas (head 
pressure 10 kPa), the injector temperature was kept at 250 °C. The column effluent 
was ionised by electron impact (EI) at 70 eV at a source temperature of 200°C. 
The mass range was from 35 to 450 m/z at a scan time of 0.9 s and an interscan 
delay of 0.1 s. Identification was done by comparison of mass spectra and linear 
retention indices (van den Dool and Kratz, 1963) with those of authentic reference 
chemicals. Quantitative data were obtained by relating individual peak areas to the 
internal standard (10 ng methyl octanoate). 
 
3.1.3.4 Statistical analyses 
The total amount of VOCs emitted by differently treated dead mice at different 
time points was compared by a Krukal-Wallis-H-test. Individual comparisons for 
each storage time were done by Mann-Whitney-U-tests.  
The quantitative composition of the VOC profiles was evaluated by principal 
component analysis (PCA) and orthogonal projection of latent structure 
discriminant analysis (OPLS-DA) using the software program SIMCA-P 12.0.1. 
(Umetrics AB, Umeå, Sweden) (Eriksson et al., 2006 a, b). In PCA, so-called 
scores are obtained by projecting data observations onto model planes, which are 
defined by the extracted principal components (PCs). The number of significant 
PCs was determined by cross-validation (Eriksson et al., 2006; Wold et al., 1987). 
The raw data (peak areas normalied by IS) were pre-processed as follows: Missing 
values, i.e. compounds that were below the detection threshold in some samples, 
were replaced by randomised values between 0.1 and 0.5 in order to give them a 
small variability. Data were then log-transformed and then variables were mean-
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centered, and pareto scaled and presented as data matrix X. The ellipse shown in 
the score plot defines Hotelling’s T2 confidence region (95%).  
The objective of OPLS-DA is to find a model that discriminates the X data 
according to the plant treatments in the best possible way (Eriksson et al., 2006 b; 
Bylesjö, et al., 2006). PLS is a regression method commonly used in multivariate 
studies in order to find the relationship between two data tables referred to as X, 
here the GC-MS data, and Y, in this case a binary vector with the value 0 and 1 for 
the different time points and climate regimes respectively. Because OPLS-DA is a 
supervised technique, class memberships (defined in Y) according to the time 
points and/or climate regimes of the samples are pre-defined. In OPLS-DA, the 
systematic variation in X is separated into two parts, one that is linearly related to 
Y and one that is orthogonal to Y. The predictive information representing the 
between class variation is focused into the first PLS component while the within 
class variation is represented by the orthogonal components. The number of 
significant PLS components was determined by cross-validation. VOCs that were 
statistically significant with respect to the climate regime and time point were 
selected from the S-plot in combination loadings from the first component with the 
jack-knifed 95% confidence interval (Wiklund, 2008). The S-plot depicts the 
covariance and correlation loading profiles from the predictive component of the 




Fifty one compounds were identified in the headspace of dead mice stored for 
different time periods under cd or wh climate conditions. Among these were 
organic polysulphides and other sulphur compounds, short-chained carboxylic 
acids and esters thereof, acyclic alcohols and carbonyls, and aromatic compounds 
including some nitrogen containing heterocycles as well as monoterpenes (Fig. 1, 
Table 2). The total amounts of emitted VOCs differed significantly (Kruskal-
Wallis: H = 47.814, df = 5, P < 0.001) (Fig. 2). Already after one day, wh mice 
released significantly higher amounts of VOCs than cd mice (Mann-Whitney: Z = 
3.780, P < 0.001). Ten days post mortem, volatile quantities differed most (Mann-
Whitney: Z = 3.553, P < 0.001). Even though the total volatile amounts were 
similar in some treatments, multivariate statistical analyses revealed that the  
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Table 2: Volatile organic compounds identified in the odour profiles of decaying mouse cadavers 
stored 1, 10, and 30 days under warm/humid (wh, 22°C, 80-90 % RH) and cold/dry (cd, 12 °C, 40-
60 % RH) climate conditions. 
 
 
No. Name LRI 
1 ethyl butyrate 1034 
2 ethyl 2-
methylbutyrate 1042  
3 dimethyl 
disulphide 1068 
4 hexanal 1084 
5 propyl butyrate 1128 
6 ethyl pentanoate 1140 
7 3-carene 1144 
8 1-butanol  1150 
9 heptanal 1156 





13 butyl butyrate 1224 
14 butyl 2-
methylbutyrate 1235 
15 ethyl hexanoate 1240 
16 butyl 3-
methylbutyrate 1271 
17 propyl hexanoate 1280 
18 3-hydroxy-2-
butanone 1285 










25 ethyl octanoate 1442 
 
 
LRI = linear retention index 
composition of the volatile profiles is distinguishable and influenced by both the 
time and climate conditions under which  
the dead mice had been stored. PCA of the VOC profiles of the six different 
treatments resulted in a model of six significant PCs according to cross validation 
explaining 77.7% (R2X) of the total variance (Q2X: 49.7%). The score plot of the 
first two PCs (R2X: 50.9%, Q2X: 36.6%) separated two main groups along the first 
PC, one representing the stages with low total volatile amounts (up to 100 ng/μl) 
(cd1, wh1, and cd10) the other belonging to those emitting higher amounts (200-
No. Name LRI 
26 3-ethyl-2,5-
dimethylpyrazine 1446 
27 acetic acid 1454 
28 1-octen-3-ol 1461 
29 tetramethylpyrazine 1472 
30 benzaldehyde 1518 
31 propanoic acid 1548 














40 pentanoic acid  1747 
41 4-methylpentanoic 
acid 1811 
42 hexanoic acid 1854 
43 benzylalcohol 1878 
44 2-phenylethanol  1912 
45 heptanoic acid 1961 
46 phenol 2010 
47 octanoic acid 2065 
48 nonanoic acid 2172 
49 decanoic acid 2281 
50 indole 2434 
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600 ng/μl) (wh10, wh30, and cd30) (Fig. 3). While volatile profiles of the first 
decaying stages form fairly tight groups indicating low variation between the 
samples, variation between samples of the same treatment tends to increase with 
time and high temperature/humidity (Fig. 3). While wh10 mice showed maximal 
volatile emission, cd10 mice released total volatile amounts similar to wh1 mice. 
However, after 30 days the values of VOCs released by wh and cd mice 
equilibrate. No significant difference between the total amounts occurred at this 
stage (Mann-Whitney: Z = 1.398, P = 0.162). 
 
 




























Figure 1: Relative amounts of volatile organic compounds identified in the odour profiles of 
decaying mouse cadavers stored for different time periods (1, 10, and 30 days) under warm/humid 
(wh, 22°C, 80-90 % RH) or cold/dry (cd, 12 °C, 40-60 % RH) climate conditions. Numbers refer to 
those given in Table 2. Different colours indicate different chemical compound classes. Asterisks 
indicate those components that contribute significantly to the distinctness of a given profile in 
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comparison to the previous stage stored under the same climate regime (e.g., wh10 vs. wh1). Note 
that asterisks for cd1 and wh1 are missing because no previous stages exist. Open circles indicate 
those components that contribute significantly to the distinctness of a given profile in comparison to 
the respective profile sampled under the other climate regime (e.g., cd10 vs. wh10). Statistical 
analyses were done by pairwise orthogonal partial least squares-discriminant analysis (OPLS-DA, 













Figure 2: Total amounts and SEM of volatile organic compounds in the odour profiles of decaying 
mouse cadavers stored 1, 10, and 30 days under warm/humid (wh, 22°C, 80-90 RH) or cold/dry 
(cd, 12 °C, 40-60 RH) climate conditions. Asterisks indicate significant differences for each day at 




In the next step we applied OPLS-DA, to extract those compounds which most 
significantly contribute to differences found in volatile profiles between the two 
climates and different time points. Since OPLS-DA performs best in the two-class 
situation we did pairwise comparisons of the different time points within one 
climate regime and also of the same time points of the two climate regimes 
(detailed results given in supplementary material). In the following we give a 
summary of the most notable differences.     
 
 
















Figure 3: PCA - Scatter Plot of all six decomposition stages  
 
3.1.4.1 Influence of storage time on volatile profiles 
Wh climate conditions: one day after death volatile emission was generally low 
and the beginning decay was characterised by low amounts of polysulphides, 
short-chained fatty acids, and alcohols, while esters are almost absent.  
On day ten, the highest amounts of volatiles were detected with 49 out of the 51 
identified compounds being present in the wh10 volatile profiles. The predictive 
component (i.e. related to the two classes) of the OPLS-DA model explained 
50.8% (R2X) of the variance and had a predictive ability of 96.5% (Q2Y). Thirty-
five VOCs from all substance classes contributed significantly (95% confidence 
level) to the differences of wh10 volatile profiles compared to the previous stage 
(wh1) (supplementary information). Characteristic for the wh10 profiles were high 
amounts of polysulphides, some alcohols and several short-chained carboxylic 
acids (Fig. 1b). The decay process under wh conditions is mainly characterized by 
a decreased emission of already present compounds rather than the emission of 
novel ones. Hence, only few compounds typical for wh30 when compared to 
wh10, such as limonene and phenol, were detected (Fig. 1c). Most striking is the 
decrease of the polysulphides in wh30 profiles while the other sulphur compound 
3-methylthio-1-propanol, short-chained fatty acids and esters thereof, as well as 
aromatic compounds, remained at a relatively constant level or even increased in 
wh30 mice when compared to wh10.  
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However, one should note that because of the higher variability and sub groupings 
of the samples the predictive component of the OPLS-DA model explained 23% 
of the class related variance.  
Cd climate conditions: In general, volatile emission was clearly delayed under cd 
conditions compared to the wh climate regime. One day after death only small 
amounts of polysulphides and traces of acyclic alcohols and short-chained 
carboxylic acids were detected (Fig. 1d). Even though the total amount of emitted 
VOCs from dead mice increased only weakly until day 10 under cd conditions the 
composition of the VOC profiles had changed (Fig. 1e, Fig. 2). However, the 
advance of volatile succession even under cd conditions was shown by OPLS-DA 
revealing 13 compounds that contributed significantly to the distinctness of cd10 
profiles and the previous stage (Fig. 1d). Among these were mainly acyclic 
alcohols and carbonyls as well as some short-chained fatty acids. Remarkably, 
sulphur containing compounds were less abundant than at day 1. On day 30, 
maximized volatile emission from cd mice are detected and cd30 profiles could 
clearly be distinguished from cd10 with 14 compounds being significantly more 
abundant in the later samples (Fig. 1f, supplementary material). Among these, 
some acyclic alcohols, butyrates and aromatic compounds were particularly 
noticeable. Apart from 3-methylthio-1-propanol, sulphur compounds were formed 
under cd conditions only in trace ammounts.  
 
 
3.1.4.2 Influence of the climates on volatile profiles 
On day 1: Even though total volatile amounts in cd1 and wh1 profiles did not 
differ significantly, PCA indicated that climate conditions were already 
influencing the composition of the volatile profiles after one day (Fig. 3). 
According to OPLS-DA Wh1 mice showed a higher emission of mainly 
polysulphides, some acyclic alcohols, and acids whereas cd mice were 
characterised by 3-carene and benzylalcohol.  
 
On day 10: After 10 days, the effect of the climate regime was most pronounced 
due to the volatile burst observed in wh10 mice. The cd and wh VOC profiles 
differed from each other and compounds from all substance classes contributed 
significantly to the discrimination of profiles at this stage (Fig. 1b), although the 
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carboxylic acids and the aromatic compounds are less dominant compared to 
wh30. In contrast, only 1-octen-3-ol was characteristic for cd10 profiles when 
compared to wh10. 
 
On day 30: Volatile profiles of cd mice differ from wh mice at this stage mainly 
due to high proportions of acyclic alcohols, carbonyls, and esters in cd profiles 
(Fig. 1e), as opposed to relatively high proportions of short-chained fatty acids 
and aromatic compounds characteristic of wh storage conditions after 30 days.  
 
3.1.5 Discussion 
The present study clearly demonstrates that the composition of the volatile 
profiles emitted from a decaying carcass is not only influenced by the time period 
but also by the climate conditions under which it is stored. Even though the 
organism itself is dead, the volatile profile released from the decaying carcass is 
influenced by the multitude of microorganisms using the dead corpse as a 
substrate for growth. Therefore, climate conditions, particularly temperature and 
humidity which are the focus of the present study, have a significant impact on 
the composition of carcass-related odour profiles. The growth of microorganisms 
is typically favoured by increased temperatures and the availability of water until 
species specific optima for these parameters are reached (Gill-King, 1997; 
Ercolini et al., 2009). Consequently, we found carcass-related VOCs to be emitted 
earlier, in higher amounts, and in a greater diversity under wh conditions when 
compared to the cd climate regime. After 30 days, the total amounts of VOCs 
released from cd and wh mice were similar because cd mice maximized at this 
time and wh mice were declining again after maximal emission on day 10. 
However, the qualitative composition of cd and wh profiles suggests that different 
microorganisms favouring different decomposition processes were involved in 
volatile production under the differing climate regimes. 
The VOCs emitted by a dead corpse are commonly divided into several 
compound classes (Vass et al., 2004) which might be fueled by different 
decomposition pathways and thus might be differentially affected by time and 
storage conditions during carcass odour succession.  
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3.1.5.1 Sulphur compounds 
Emission of volatile mono- and polysulphides as well as methionol is the result of 
the enterobacterial degradation of sulphur containing amino acids like cystein and 
particularly methionine (Paczkowski and Schütz, 2011; Dent et al., 2004; Wahl et 
al., 1999). Polysulphides are often among the most abundant carcass VOCs 
(Kalinova et al., 2009; Statheropoulos et al., 2005; Stensmyr et al., 2002). The 
very low abundance of polysulphides under cd conditions in our study is most 
striking and suggests that bacterial proteolysis is delayed under these conditions. 
Furthermore, the drop of polysulphides in wh mice after 30 days indicates a 
depletion in the carcasses of methionine and cysteine which are among the least 
abundant amino acids in most proteins (Lodish et al., 2000). Polysuphides have 
been shown to be key compounds for the attraction of necrophagous insects to a 
carcass including blowflies (Stensmyr et al., 2002) and burying beetles (Kalinova 
et al., 2009; Woodard, 2006). It is therefore likely that the two climate regimes 
applied in the present study result in different insect successions colonizing the 
mouse cadavers because of the significant differences in the sulphur chemistry of 
the volatile profiles. Future studies are needed to test this hypothesis.  
 
 
3.1.5.2 Acyclic alcohols and carbonyls  
Alcohols and carbonyls are derived by microbial activity from various precursors. 
After the death of an organism the degradation of glycogen to glucose by 
glycogenolysis begins in the liver and glucose diffuses into the adjacent blood 
vessels. Under aerobic conditions, sugars are often completely metabolised to 
CO2 and H2O, whereas under anaerobic conditions fermentation products like 
lactic, butanoic, and acetic acid, as well as 3-hydroxy2-butanone (acetoin), 1-
butanol-, or ethanol, are formed (Dent et al., 2004; Boumba et al,. 2008; Gill-
King, 1997; Waksman and Starkey, 1931). Branched alcohols are typically 
derived from branched amino acids after deamination, decarboxylation, and/or 
subsequent reduction of the resulting carboxylic acids (Paczkowski and Schütz, 
2011). Aliphatic aldehydes and alcohols may also derive from microbial or 
autoxidative lipid decomposition involving atmospheric dioxygen (Dent, 2004; 
Whitfield, 1992; Frankel, 1991; Evans, 1963). Interestingly, 1-octen-3-ol (after 10 
days), 1-octanol, and 1-hexanol (after 30 days) are among the few VOCs 
characteristic for cd mice. The two C8-alcohols are typical fungal VOCs emitted 
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by many mould species (Combet et al., 2006; Thakeow et al., 2006; Pfeil and 
Mumma, 1993) and 1-hexanol is often reported in the context of fungal 
metabolism as well (Paczkowski and Schütz, 2011; Korpi et al., 1998). These 
findings suggest that under cd conditions bacterial putrefaction is suppressed in 
favour of fungal growth. However, microbiological investigations are needed to 
establish this assumption.  
 
3.1.5.3 Carboxylic acids  
In the present study a number of saturated fatty acids with 2-10 carbon atoms as 
well as methyl-branched acids were found. All of them are typical carcass VOCs 
(Vass et al., 1992; Dekeirsschieter et al., 2009; Hoffman et al., 2009) originating 
from the microbial degradation of fat, carbohydrates, amino acids and other 
substrates (Paczkowski and Schütz, 2011). Apart from acetic and butyric acid a 
number of branched acids were found to be major components under both climate 
regimes. Among these was 4-methylpentanoic acid, presumably derived from 
isoleucine degradation, which has only rarely been reported previously. Short-
chained fatty acids are reported for advanced decomposition stages which attract, 
for instance, Piophilidae and some adult Calliphoridae (Rodriguez et al., 1983, 
Wolff et al., 2001; Grassberger, 2004). They are also known to attract 
bloodsucking insects (Barrozo et al., 2004; Ponnusamy et al., 2008) dung beetles 
(Dormont et al., 2010) and necrophagous grasshoppers (Lockwood et al., 1989; 
Whitman et al., 2010). Male dermestid beetles need long-chained fatty acids 
derived from the saponification of triacylglycerides as precursors for their sex 




The highly abundant carboxylic acids and alcohols may condense to form the 
respective esters, which are also typical carcass VOCs (Dekeirsschieter et al., 
2009; Paczkowski and Schütz, 2011; Statheropoulos et al., 2005). Butanoic acid 
is the most prominent acid in all stages and therefore esters of butanoic acid, with 
almost any alcohol present, were found particularly in the “active decay” phase 
after 10 days under wh conditions. Unlike the acids themselves, esters of short-
chained fatty acids do not smell unpleasant to the human nose and possess a fruity 
odour (Kim, 1998). Nevertheless, benzyl butyrate, an ester not detected in the 
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present study, has been shown to have a key function in the attraction of male 
hide beetles to carcasses (Hoermann et al., 2011). 
 
3.1.5.5 Aromatic compounds 
Most aromatic compounds found in the present study, like phenol, benzaldehyde, 
benzylalcohol, 2-phenylethanol, and indole are typical carcass VOCs derived 
from microbial decomposition of the aromatic amino acids phenylalanine, 
tyrosine, and tryptophane (Vass et al., 1992; Vass, 2001; Paczkowski and Schütz, 
2011; Dent et al., 2004). In contrast, the pyrazines detected in our study have been 
reported less often (Dekeirsschieter et al., 2009). However, pyrazines are 
produced by many microorganisms via transamination of acetoin and other α-
hydroxyketones and subsequent condensation of the resulting α-aminoketones 
(Dickschat et al., 2010). Interestingly, pyrazines have also been detected in plants 




Monoterpenes like limonene and 3-carene are not among the common carcass 
VOCs but have been occasionally found in previous studies (Statheropoulos et al. 
2005 and 2007). However, they are also ubiquitous contaminants due to their 




Knowledge about the composition of VOCs emitted from different decomposition 
stages of a cadaver, together with forensic entomology, is currently one of the 
best means of determining PMIs (Vass et al., 2002). However, the variety of 
factors influencing VOC emission hampers accurate interpretation. Also, much 
more research is necessary to understand why necrophagous insects prefer 
particular decomposition stages and which chemical attractants are involved 
(Kalinova et al., 2009; Hoermann et al., 2011). Insect succession is easier to 
interpret if the relationship between insects arriving at a given stage and the 
VOCs emitted at this time is better understood. In the present study we 
standardized not only the decaying organisms but also important abiotic 
parameters (storage time, temperature, humidity) to describe some general 
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patterns of VOC emission as being influenced by these external factors. These 
results may help to better confine the time of death under different climate 
conditions and should be taken into consideration whenever a PMI needs to be 
determined. However, further studies are needed to fully understand all factors 
influencing the composition of carcass VOCs. In the present study, for instance, 
we did not investigate the impact of temperature and humidity separately. 
Furthermore, the composition of microorganisms and insects settling on a dead 
corpse determines the decomposition processes going on (Simmons, 2010a, b). 
While microbial VOCs have been studied for a long time, hardly anything is 
known about the impact of insect feeding on the composition of carcass-related 
VOCs which might influence the arrival of subsequent species. 
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3.2 - The preference of decomposition stages - The attraction of different 




The presence of distinct insect species on corpses and the age status of their 
offspring are used to calculate the post mortem interval (PMI). To make reliable 
estimates of the exact death-timing both, the precise time of the species’ 
settlement and their elicitor, have to be known. Males or previtollgenic females 
may visit a corpse at different times than gravid females. 
Therefore we tested mated and unmated female, as well as male Lucilia caesar 
(L.) in bioassays of the attractiveness of decaying mice carcasses at different 
decomposition stages (fresh, bloating, active decay and advanced decay). The 
preference of L. caesar for a particular decomposition stage and distinct volatile 
organic compounds (VOCs) is demonstrated. Furthermore, the behaviour of the 
unmated and mated female flies is distinctly separated in accordance with the 
VOC emission pattern of each carcass. 
 
3.2.2 Introduction 
Many biological, chemical and physical changes occur during body 
decomposition, which depend on many factors (e.g. physiological conditions 
before death, presence of bacteria and insects, and surrounding conditions such as 
climate and oxygen availability) (Campobasso et al., 2001). Nevertheless, the 
decomposition process can be divided into several stages: fresh, bloated, active 
decay, advanced decay, dry remains, and thinning stages (Anderson and van 
Laerhoven, 1996). However, currently available methods allow post mortem 
interval (PMI) determination only within the early decomposition stages and 
therefore the early signs of body changes are used:  
1) Cooling of the dead body during initial decomposition (algor mortis). 2) 
Visible purplish-red discoloration of the skin caused by settling of the blood in the 
lower portion of the body (livor mortis; Vass, 2001). 3) Increasing body stiffness 
by muscle contraction (rigor mortis) followed by body relaxation caused by 
proteolysis (Perper, 2006). Other methods can also be used to determine short 
PMIs, including the examination of eye-balls eye fluid (vitreous humor), skin 
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colour and content of the digestive system, to determine potassium and 
hypoxanthine concentrations (DiMaio and DiMaio, 2001). 
It becomes more difficult to calculate the time of death the longer a body remains 
undiscovered. After weeks or months the development of scavenger fly larvae is 
often the only indication of the time of death, because the succession of insect 
settlements on the carcass happens in a predictable sequence, related to the 
decomposition of a body. It is known that different fly species prefer different 
stages of decomposition and that females are attracted by the emitted odours of 
corpses (Rodriguez and Bass, 1983; Catts and Goff, 1992; Anderson and van 
Laerhoven, 1996; Grassberger and Frank, 2004). However, even if the succession 
of different fly species relates well to distinct decomposition stages, the 
compounds that attract different scavenger species are still poorly known 
(Kalinova et al., 2009; Hoermann et al., 2009; Podskalska et al., 2009). 
Previously examined volatile organic compounds (VOCs) of mice carcasses 
showed that the development rate of the volatile compound classes differs 
significantly during decomposition (Kasper et al., 2012; Dekierschieter et al., 
2012) and although the composition of VOCs from different decomposition stages 
has been studied (Vass et al., 1992 and 2002; Vass, 2001; Statheropolus, et al., 
2005; Kalinova et al., 2009; Dekierschieter et al., 2009), the relationship between 
emitted volatiles and decay rates remains poorly understood. If the relationship 
between the parameters influencing decomposition stages and emitted compounds 
(Kasper et al., 2012), as well as the attractiveness of these compounds to insect 
species is known, the settlement of the insects will lead to better conclusions 
about the time of death. 
Additionally, the elicitor of the fly species which settle on a corpse should be 
distinguished and observed thoroughly as flies in different physiological 
conditions would probably use carrion resources in different ways (Browne, 
1993) and thus at different decomposition stages.  
In order to investigate the attraction of flies with regard to their sex and different 
reproductive states to different decomposition stages we tested the preferences of 
male, unmated and mated female flies towards the VOCs of dead mice 
decomposed in different regimes. The results are compared to previously 
published volatile compositions of the same decomposition regimes (Kasper et 
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classes compounds wh1 SE wh10 SE wh30 SE cd1 SE cd10 SE cd30 SE
alcohols 1-butanol 2.7 0.29 15.0 2.51 15.3 9.80 0.7 0.18 1.5 0.36 30.9 14.08
3-methylbutan-1-ol 1.8 0.35 89.3 29.08 41.4 9.74 0.6 0.16 1.8 0.35 38.6 13.21
4-methyl-1-pentanol 2.8 1.01 0.6 0.28
1-hexanol 0.1 0.06 2.5 0.72 9.6 3.72 0.5 0.21 11.7 8.47 21.6 7.88
1-octen-3-ol 0.1 0.09 1.2 0.53 1.5 0.24 1.6 0.37
1-octanol 0.4 0.09 0.1 0.13 0.1 0.03 0.5 0.19
benzylalcohol 1.1 0.22 2.3 0.39 0.6 0.16 1.0 0.20 1.7 0.51
2-phenylethanol 0.6 0.05 5.7 1.63 6.3 1.11 0.4 0.20 1.4 0.51 3.9 1.14
aldehydes benzaldehyd 0.6 0.05 3.2 1.66 3.7 0.61 0.2 0.17 9.6 4.22
heptanal 0.2 0.05 0.1 0.08 1.8 1.53 0.4 0.07
hexanal 0.3 0.07 2.3 0.95 3.1 1.52 0.1 0.03 0.8 0.33 10.9 2.21
octanal 0.3 0.11 0.2 0.15 0.4 0.07
ketones 3-hydroxy-2-butanone 4.9 1.40 34.0 4.53 6.5 2.44 0.2 0.07 2.3 1.32 24.0 14.31
carboxylic acids acetic acid 8.8 4.59 46.7 22.36 7.1 2.58 0.6 0.10 0.2 0.20 2.7 1.89
propanoic acid 1.9 0.46 14.2 6.70 9.4 3.77 0.1 0.02 0.3 0.20 1.7 1.10
2-methylpropanoic acid 0.9 0.25 4.2 1.50 9.7 4.38 0.1 0.00 0.3 0.08 1.6 0.63
butanoic acid 7.9 2.43 62.5 25.60 171.5 82.92 0.8 0.15 2.5 1.75 54.5 30.60
2-/3-methylbutanoic acid 1.1 0.30 14.6 6.03 46.1 22.04 0.8 0.26 2.3 1.02
pentanoic acid 0.4 0.08 3.9 0.99 10.9 4.12 0.1 0.07 0.6 0.30
4-methylpentanoic acid 0.2 0.05 15.2 10.47 32.3 21.12 0.4 0.15 1.5 1.38 0.2 0.07
hexanoic acid 0.6 0.13 1.5 0.42 2.1 0.78 0.4 0.24 0.8 0.40 1.4 0.61
heptanoic acid 0.3 0.06 0.4 0.11 0.6 0.24 0.1 0.05 0.1 0.04 0.2 0.07
octanoic acid 0.9 0.06 1.3 0.40 1.2 0.38 0.3 0.08 0.3 0.08 0.7 0.13
nonanoic acid 1.2 0.20 0.9 0.18 0.7 0.30 0.4 0.12 0.5 0.14 0.6 0.10
decanoic 0.6 0.12 0.4 0.09 0.2 0.09 0.1 0.06 0.3 0.10 0.3 0.06
esters 2-methylpropanoate 0.1 0.00
ethyl butyrate 1.4 0.43 14.4 2.14 4.8 1.73 1.2 0.94 1.0 0.26 15.5 5.89
propyl butyrate 3.6 1.25 1.9 0.63 0.3 0.20 1.4 0.49
butyl butyrate 0.3 0.03 0.5 0.12 4.9 3.14 0.2 0.19 5.6 3.00
ethyl 2-methylbutyrate 0.1 0.05 1.7 0.50 0.2 0.10 0.5 0.23 0.0 0.01 0.5 0.12
butyl 2-methylbutyrate 0.3 0.06 0.1 0.05 0.2 0.11
butyl 3-methylbutyrate 2.2 1.03 4.3 2.59 1.3 0.67
ethyl pentanoate 0.7 0.12 0.2 0.16 0.4 0.36 0.2 0.05
ethyl 4-methylpentanoate 15.5 6.24 2.4 1.07 0.1 0.05
ethyl hexanoate 0.5 0.11 2.2 1.02 0.1 0.10 0.9 0.18
propyl hexanoate 0.9 0.35 0.1 0.02 0.3 0.11
butyl 3-methylhexanoate 1.5 0.80 1.3 0.48
ethyl octanoate 0.2 0.05 0.2 0.07 0.2 0.07 0.5 0.15
gamma-valerolacton 0.2 0.06 0.00 0.1 0.01
gamma-butyrolacton 2.4 0.75 1.1 0.38 0.4 0.08 2.9 0.66
sulfur compounds dimethyl disulfide 2.8 0.80 65.1 32.25 0.8 0.42 1.0 0.35 0.0 0.02 1.1 0.41
dimethyl trisulfide 5.1 0.61 97.0 25.93 1.8 0.63 2.0 0.34 0.2 0.07 0.7 0.23
dimethyl tetrasulfide 1.7 0.45 34.4 8.31 0.2 0.15 0.1 0.05 0.6 0.30
3-methylthio-1-propanol 0.00 2.8 1.17 4.4 0.96 0.1 0.13 5.5 3.32
cyclic hydrocarbons phenol 0.2 0.05 3.8 1.98 19.9 9.25 0.3 0.05 2.2 1.62 1.2 0.43
indol 0.1 0.05 7.1 2.66 7.1 3.12 0.2 0.07 0.7 0.33 0.4 0.11
3-ethyl-2,5-dimethylpyrazine 2.7 1.67 0.4 0.10 0.1 0.02 0.1 0.09 0.00
tetramethylpyrazine 0.4 0.15 1.0 0.58 0.00 0.00
3-carene 0.8 0.27 0.8 0.19 0.4 0.10 0.1 0.03 0.9 0.41
limonene 2.4 1.70 0.00 1.5 0.96
stages
al., 2012) (Table 1) and discussed regarding the biological aspects of the 
preferential behaviour shown. 
Table 1: emitted VOCs [ng/µl] and standard error of 6 different mouse carcasses decomposed in 
warm and humid or cold and dry environments each with 1, 10 and 30 days storage time, after 




























3.2.3 Materials and Methods  
3.2.3.1 Breeding 
For fly breeding Lucilia caesar (L., 1758) L3-stadium larvae, close to the pupal 
molt, were used. The breeding boxes were transparent acrylic glass boxes (35 x 20 
x 15 cm), which contained water as well as a raisin-cornflakes-sugar mixture. 
Room temperature was held constant at 23 ± 2˚C and 55% humidity. The light- 
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dark cycle was ~11h:13h, which was maintained through daylight lamps during 
the winter. To preserve unfertilized females as a control group, pupae were kept 
separately and after hatching and sexing, 20-60 female flies were kept together in 
breeding boxes. To obtain fertilized females, pupae of both sexes (50-150 
individuals) were kept together in the breeding boxes. L. caesar females are 
monogamous, whereas males typically mate with more partners (polygyny) and 
thus more males willing to mate exist. When both sexes were kept in the confined 
space of breeding boxes the females are quickly mated after the imaginal molt.  
 
3.2.3.2 Bioassays 
The attraction to olfactory cues was recorded using a static-4-chamber 
olfactometer as described by Steidle and Schöller (1997). The olfactometer was 
made of acrylic glass and consists of a cylinder (4 cm high, 19 cm across) 
subdivided by vertical plates into four chambers (Fig. 1). On the top of the 
cylinder, stringed with plastic gauze (mesh 0.5 mm), a walking arena (1 cm high, 
19 cm across) was formed with a rim of acrylic glass (0.9 cm high) and covered 
with a glass plate. Each chamber was open to the walking arena above so volatiles 
could diffuse through the gauze and form an odour field. Three chambers were 
left empty. In the fourth chamber the dead mouse was placed. The olfactometer 
was illuminated from above. 
The bioassay was performed with dead mice decayed in different regimes (warm 
and humid (wh: 22°C/80-90% RH), or cold and dry (cd: 12°C/40-60% RH). Each 
regime was tested for one, ten and 30 days. 
During decomposition in the wh regime, fresh, bloating and advanced decay could 
be clearly determined for the three different time settings. Fresh and active decay 
stages appeared to occur in the cd regime, but were more difficult to assign to the 
five decomposition stages commonly observed (Anderson and van Laerhoven, 
1996). 
In order to find out more about preferences depending on the physiological stage, 
we conducted odour preference tests using three experimental groups (males, 
unmated females, mated females) with ages of 3-7 days. The unmated females 
and the males were used as reference groups. 
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When starting a bioassay, a single fly was introduced into the arena of the 
olfactometer. We recorded how long the fly spent walking within each of the four 
odour fields over a period of 180 seconds. For each test a sample of 20 individual 
flies was recorded and statistically evaluated.  
 
 
Figure 1: Four-chamber olfactometer for bioassays A) top-view and B) side view. 
 
3.2.3.3 Statistics 
Whether a significant difference between the times spent within the four fields 
exists was statistically determined using the Friedman and Wilcox tests (Siegel 
and Castellan, 1988). The Friedman test determines whether multiple connected 
spot tests derive from the same population (compares intermediate order statistics 
of the variables). The Wilcox test has been used to compare pair differences of 
test field four with the dead mouse and the reference field two, which has no 
direct border to the test field. The Kruskal-Wallis test was used to examine the 
significance within the group variables in dependence on the time spent in field 
four. 
We used subsequently discriminant analyses (all groups equal, stepwise inclusion 
of variables) to test whether the physiological stages and the behavioural 
performances in the bioassays can be divided. Hierarchical cluster analyses 
(squared euclidean distances) were used to find similarities between different 
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decomposition stages. Both were performed with SPSS statistics v17.0.0 (Polar 
Engineering and Consulting, Nikiski, AK, USA). Χ2-contingency table analyses 
(2x6 tables) for the mean times spent in one field during the bioassays have been 
calculated with the statistical online tools of the Physics Department, Saint John’s 
University, MN (http://www.physics.csbsju.edu/).  
In order to investigate whether the different groups of flies showed a preference 
for specific volatile compositions, we compared the odour composition of the 
different treatment groups (wh and cd 1, 10 and 30) by computing a similarity 
matrix based on the Bray-Curtis Similarity Index (Clarke and Warwick, 1994). To 
guarantee comparability between odour samples and to down-weight the high 
abundance substances we standardised the samples by calculating the relative 
proportion of each measured substance to the total amount of substances found for 
each sample and transformed the data (square root), prior to computing the 
similarity matrix.  
To analyse potential differences in the odour composition of preferred 
decomposition states, we used a non-parametric analysis of similarities 
(ANOSIM). Based on the Wilcox and Friedmann tests for differences in times 
spent in the olfactometer fields we defined a priori groups. As each sample has to 
be exclusively assigned to one group, we defined three groups as follows: 1) 
preference of mated flies (wh1, wh10 and cd30), 2) preference of unmated flies 
(wh30), and 3) preference of mated and unmated flies (cd1 and cd10). The 
ANOSIM can statistically determine whether the odour composition of a priori 
defined groups is more similar within these groups than among different groups. 
All samples of each decomposition stage were used in the same group; although a 
variation of VOCs for each a prior defined group exists. Where group differences 
occurred, we carried out SIMPER analyses in order to find the variables that 
caused the group differences. The ANOSIM and SIMPER routine were performed 
using PRIMER 6.0 (Primer-E 2000, Plymouth, UK).  
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3.2.4 Results 
All tested groups (males, unmated and mated females) of Lucilia caesar showed 
significant preferences for mouse carcasses compared to the empty chambers. The 
preferences for different decomposition stages depended on the flies’ 
physiological condition (Fig. 2). The reference groups (unmated females and 
males) were more similar in their preference than compared to the mated females. 
 
 
Figure 2: Canonic discriminant analysis of the behaviour of the mated females and the two control 
groups, males and unmated females. 
 
In contrast to females in general, males barely showed interest in the carcasses. 
The mated females reacted the most. 
The mated and unmated females could also clearly be separated by Wilcox and 
Friedmann tests as there was a significant difference regarding the response to the 
wh1, wh10 and cd30 stages (each of these stages significantly visited by mated 
females only) and wh30 stage (only significantly visited by unmated females) 
(Table 2).  
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Table 2: Significance difference P (after Friedmann and Wilcox tests) between the mean times 








A chi-square contingency table tests confirm the trend of stronger reactions of 
mated females, even though not significantly (P = 0.063). 
Mated females differed significantly in their preferences among the 
decomposition stages (Kruskal-Wallis test; P= 0.020) and showed a clear 
preference for mouse corpses decomposed in cold and dry environments. They 
preferred the cd 10 stage and barely visited the wh30 stage, which they even 
actively avoided. 
The stages of cd10 and cd30 showed significant abundances of the different fly 
test groups (Kruskal-Wallis; both P = 0.004). Both decomposition stages were 




Figure 3: Intersection graph of similar decomposition stages according to the relative amounts of 
compounds produced at each stage and the flies’ preferences as governed by their physiological 
stages 
 
1 10 30 1 10 30
unmated ** ** *
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male **
wh cd
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A cluster analysis was used to divide the decomposition stages into three groups 
taking into account the relative distribution of compound classes in relation to the 
total amount of emitted VOCs.  
 
 Group one (wh1, wh10, cd1) (fresh, bloating stage) was characterized by 
a high amount of polysulphides (ca. 40 %), intermediate amounts of 
alcohol, fatty acids and cyclic compounds (ca. 10-30 %) and low amounts 
of ester and aldehydes (1-7%). 
 Group two (wh30) (advanced decay stage) showed a relatively high 
amount of fatty acids (over 50%), intermediate amounts of alcohol and 
cyclic compounds (ca. 10-20%) and low amounts of sulphides, ester and 
aldehydes (ca. 1-5%).  
 Group 3 (cd10 and cd30) (active decay stage) had a distinctly high 
amount of alcohol (ca. 40-50%), intermediate amounts of fatty acids and 
cyclic compounds (15-20 %) and low amounts of ester, aldehydes and 
sulphides (similar to group 2) (2-10%). 
 
Flies of different physiological stages were attracted to stages within this 
grouping, but also chose decomposition stages of different groups (Fig. 3).  
The composition of volatiles emitted by the different decomposition stages is 
significantly different according to the preferences of the different female groups 
(preferred by unmated females, preferred by mated females, and preferred by both 
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Figure 4: Non-metric two-dimensional diagram of the odour samples of the different 
decomposition states indicating the preferences shown by mated and unmated female flies. The 
plot of odour composition is based on the Bray-Curtis Similarity indices, i.e. the closer the 
samples appear on the plot, the more similar the samples are in their odour composition. Different 
colours represent the decomposition states preferred by either mated or unmated flies (white 
circles), mated flies only (dark dots) and unmated flies only (light dots). Preference groups are 
separated, i.e. the similarities within groups are larger than between groups. 
 
The unmated flies preferred decomposed mice with low absolute concentrations 
of polysulphide volatiles although the cd1 stage had a high relative amount (Fig. 
3). However, this observation is supported by statistical analyses of the preferred 
VOCs (Table 3). The characteristic compounds preferred by the unmated females 
are cyclic compounds (indole, phenol), 2-/3 methyl butanoic and valerian acid and 
methionol whereas the mated females preferred the sulphides 3-hydroxy-2-
butanon and ethylbutyrate.  
Stage cd1, which was preferred by all (notably also by the males), was 
characterised by very low concentrations of those compounds which are high in 
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Similarity of preference group mated
Average similarity: 58,09 Av.Abund Av.Sim Sim/SD Contrib%
3-hydroxy-2-butanone     2,80   4,95   2,47     8,53
1-butanol     2,30   4,38   3,66     7,54
dimethyl trisulf ide     2,51   3,68   1,14     6,33
ethyl butyrate     1,88   3,24   2,28     5,58
dimethyl disulf ide     1,92   2,66   1,24     4,59
Similarity of preference group unmated
Average similarity: 55,26 Av.Abund Av.Sim Sim/SD Contrib%
phenol     1,94   3,34   2,40     6,05
2-/3-methylbutanoic acid     2,08   2,37   0,73     4,30
3-methylthio-1-propanol     1,13   2,10   3,05     3,79
indol     1,18   2,02   1,87     3,66
pentanoic acid     1,30   1,80   1,31     3,25
Similarity of preference group both
Average similarity: 47,33 Av.Abund Av.Sim Sim/SD Contrib%
3-methylbutan-1-ol     2,19   3,69   1,22     7,80
butanoic acid     1,93   3,23   1,15     6,82
2-phenylethanol     1,59   2,27   1,00     4,80
Dissimilarity between preference group mated and unmated
Average dissimilarity = 51,00  Av.Abund Av.Abund Av.Diss Diss/SD Contrib%
3-hydroxy-2-butanone 2,80 1,24    2,32    1,29     4,55
2-/3-methylbutanoic acid  1,16 2,08    2,13    1,36     4,18
dimethyl disulf ide 1,92 0,35   2,06    1,19     4,05
4-methylpentanoic acid  0,67 1,40    1,79    0,94     3,52
dimethyl tetrasulf ide 1,56 0,14    1,76    1,28     3,46
propanoic acid 1,13 1,09    1,24    1,38     2,43
pentanoic acid 0,66 1,30    1,07    1,09     2,10
Table 3: Important substances, which explain the similarity of preference groups of unmated and 
mated flies using SIMPER; The substances are ranked based on the relative contribution they have 
















Av. Abund: average abundance in that specific group, Av. Sim.: average similarity in that specific 





The groups wh10 and wh30, which show the greatest difference between mated 
and unmated females, can be separated by the emission of DMTeS and butyl-2- 
methylbutyrate, mainly present in wh10 but absent from wh 30.  
A SIMPER analysis revealed that the difference between the mice decomposed in 
either warm or cold regimes can mainly explained by decanoic acid and 1-octen-
3-ol. Decanoic acid is characteristic for the stages decomposed in the warm and 
humid regimes whereas 1-octen-3-ol is high in the cd10 and cd30 regimes, the 
most attractive stages to the mated females.  
Butanoic acid and 3-methylbutan-1-ol are the explanatory variables of all 
preference groups. These compounds seem to be very stable within the 
decomposition stages and generally attractive to the flies. 
                                                                                  The preference of decomposition stages  
85 
Figure 5: Four examples of characteristic compounds, explaining the differentiation of fly stages according to the attraction and absolute amount of 
substances in each decomposition sample, A) shows similarities within the mated females, B) similarities within unmated females, C) similarities of mated 
and unmated flies (both), D) dissimilarities between mated and unmated flies. m:  mated, u: unmated, b: both. The size of the circles represents the absolute 
amount of substance in each decomposition head space sample given in [ng/μl]. 
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3.2.5 Discussion 
This study clearly demonstrates that the blowfly Lucilia caesar discriminates 
between different decomposition stages and that the sex plus the physiological 
state (gravidity) influence the attractiveness of these decomposition stages (see 
also Browne, 1993; Jang, 1995 and 2002). 
 
3.2.5.1 Males 
We expected the males to react to dead mice by being attracted either by a visual 
or olfactoric cue, indicating a food-resource or a potential mating site. However, 
during our experiments males showed no significant interest in mouse corpses, 
except for the cd1 stage. Consistently, Stoffalano et al. (1990) showed that males 
rarely visited carrion baits, and Woodburn and Vogt (1982) as well as Archer and 
Elgar (2000) found that males visited carcasses only early after death.  
We can exclude that a visual clue was the only attractant as males ignored the 
other decomposition stages. However, olfactory and visually mediated behaviour 
are often associated (Morehead and Feener, 2000; Wall and Fisher, 2001; Aak and 
Knudsen, 2011). 
Regarding the relative volatile amount, the cd1 stage is comparable to stages wh1 
and wh10, but only emitted very small absolute amounts of alcohols, short-chained 
fatty acids (acetic- and butanoic acid) and polysulphides. It has previously been 
demonstrated that sulphides play a key role in detecting carrion (Stensmyr et al., 
2002; Kalinova et al., 2009) as a resource for reproduction. Whereas alcohol, 
produced especially after carbohydrate metabolism (Gill-King, 1997), could 
possibly suggest a carbohydrate resource, which is an attractive food-resource for 
flies. 
Interestingly, Shohat-Ophir (2012) showed that Drosophila males had an 
increasing attraction to ethanol after their rejection by a female. In our experiments 
we did not distinguish between mated and unmated males and ethanol was not 
identified. However, the preferred stage cd1 had both, lower relative and lower 
absolute amounts of alcohols than cd10 and cd30, suggesting that the combination 
of compound classes or single compounds is important for recognising an 
attractive recourse ( Staedler, 2002; Ruther and Kleier, 2005). 
As all three groups of flies (mated females, unmated females and males) were 
attracted to the cd1 stage, the emitted volatiles could also act as host stimuli for 
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food and aggregation sites. It has been shown that some scavenger species, like the 
burying beetles (Silphidae: Nicrophorus), mate on carcasses (Kalinova et al., 
2009). The compounds emitted by the carcass attract, the male beetles which arrive 
first and soon after they release pheromones to attract females (Müller et al., 
1990). However, calyptrates, including blowflies, have a simple mating behavior. 
Both sexes usually find each other on food resources (Stoffalano et al., 1990). For 
example Musca domestica have apparently no pheromone attractant, but a 
mounting stimulant (Parker 1968). Conversely, Shorey and Browne (1969) 
presume a female pheromone of Lucilia cuprina and showed an equal increased 
sexual activity caused either by host stimuli, aggregation sites, or female’s 
pheromones. On the other hand, the sexual activity of males increases with protein 
available to eat at the aggregation site, which is required to build up their readiness 
for mating (Stoffalano et al., 1995). In our experiments the cd1 stage is the freshest 
decomposition stage and because of the cold and dry storage demonstrates a stage 
soon after death. As unmated females may just have arrived, the probability of 
encountering juvenile females is high. In addition, mated females, which also 
visited at this stage in our tests, might become receptive again soon after 
oviposition as demonstrated by Parker (1968).  
If the monoterpene 3+ carene, indicated by ANOSIM as the most characteristic 
compound in cd1, is an important male attractant, this will need further 
investigation. Monoterpenes emitted by plants are known to be host stimuli, and 
are attractive to a variety of insects e.g., pine beetles (Poland et al. 2004) and gall 
wasps (Tooker and Hanski, 2004). If this also applies to blowflies’ attraction is 
still unclear. 
 
3.2.5.2 Unmated females 
The unmated female flies were the only group in our tests, which were attracted to 
mouse carcasses decomposed for a long period (30 days) under warm and humid 
conditions (wh30). This stage (advanced decay) and the two others they were 
attracted to (fresh stage cd1 and active decay cd10) belong to a different 
decomposition-type, regarding the relative amount of emitted compound classes 
(Fig. 3). However, all three stages have in common that they are either beyond the 
main peak of volatile emission or have strongly decelerated decomposition 
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(Kasper et al., 2012). They are characterised by generally low absolute emissions, 
especially low amounts of sulphide compounds.  
In particular wh30 is also characterised by high amounts of the cyclic compounds 
(phenol and indole) and the highest emissions of volatile fatty acids (butric acid 
and valeric acid), accordingly to Kelling (2001), who assessed a higher attraction 
of fatty acid to females of the housefly Musca domestica than to males. Also cd1 
and cd10 have noticeable emission of short-chained fatty acids (e.g. ethanoic – and 
2/3 methyl butanoic acid) (Kasper et al., 2012).  
The unmated flies, not searching for oviposition site host stimuli, are possibly 
searching for food resources (Emmens, 1982). Making food resources accessible is 
important, as special diets can be necessary for egg maturation (Stoffalano et al., 
1995). Browne (2001) showed that Lucilia cuprina female require protein-rich 
food in order to complete egg maturation which depends on the release of the 
ovarian ecdysteroidogenic hormone through the corpora cardiaca (Yin et al. 1993; 
Zou et al., 1989). Without protein the egg maturation cycle stops at the end of the 
previtellogenesis or at the initial vitellogenesis and all primary ovarian follicles are 
halted at a distinct developmental stage (anautogene oogenesis) (Harlow, 1956; 
Aluja et al., 2001). Furthermore, the egg load, as well as host stimuli, have a 
positive effect on mating and increase the readiness (e.g. fruit experience for 
Tephritidae) (Papaj, 2000 and 2005). 
Mainly the emission of volatile sulphides indicates protein, because it occurs 
subsequent to protein degradation caused by enterobacterial degradation of 
cysteine and methionine (Wahl et al., 1999; Dent et al., 2004). However, volatile 
fatty acids may also originate (apart from fat) from protein depots, such as muscle 
tissue (Reynold and Cahill, 1965). Ultimately the reduction and oxidation of 
proteins results (through the provision of amino acids) in the formation of short 
chain carboxylic acids (Vass et al., 1992; Vass, 2001). If volatile fatty acids 
indicate a protein-resource, it could explain the attractiveness to unmated female 
flies, as it is required for the egg maturation.  
On the other hand, the group of cyclic compounds resulting from protein-, fat- and 
carbohydrate- metabolism (Vass et al., 1992; Gill-King, 1997; Vass, 2001; Dent et 
al., 2004) seems characteristic for the advanced decomposition stages. This is 
shown, for example, by the presence of indole and carene, which occur in similar 
amounts in 10th and 30ies stages and more obviously by phenol and limonene, 
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increasing with time and becoming strongly significant for the 30-day stages. Also 
the benzene derivates (alcohols and aldehydes with a benzene ring formula) build a 
well-represented group in wh30. 
Other resources known for containing cyclic compounds are faeces and manure, 
which are attractive for Calliphoridae and Muscidae (Cossé and Baker, 1996; 
Johnson and Jürgens, 2010).  
At least the cd1 stage seems to release host stimuli for a potential aggregation site 
as males and females were similarly attracted as shown in Stoffalano et al. (1990). 
 
3.2.5.3 Mated females 
Out of all fly conditions tested, the mated females showed the most pronounced 
reactions (Stoffalano et al., 1990; Woodburn and Vogt, 1982). Gravid females 
require an oviposition site and are actively searching for carcasses; therefore this is 
the result we expected, although we cannot be sure whether vitollogenesis was 
indeed completed. 
The mated females were attracted to almost all decomposition stages, except from 
wh30 (advanced decay stage), which is the stage with the least amounts of sulphide 
compounds, but with highest emissions of fatty acids and high amounts of the 
cyclic compounds, as well as substances which characterize unattractive older 
stages (benzylalcohol, phenylethanol, and benzaldehyd). This confirms Archer and 
Elgar’s (2003) observation that gravid females avoided carcasses in the advanced 
stages of decomposition. 
The other decomposition stages form two groups, which are more similar with 
respect to the compound classes than if compared to wh30 stage (Fig. 3). The 
relative amount of fatty acids, cyclic compounds, esters and aldehydes is nearly the 
same and even the relative alcohol amount is similar. Merely the sulphides differ 
strongly in respect to the relative amounts. While the mated females reacted to 
stages with significant amounts of polysulphides (wh1, wh10, cd1), but the 
reactions to stage wh10, which are characterised through the overall highest 
emission of VOCs especially through high amounts of polysulphides, was only 
weak. It is possible the volatile emission was so strong and thus too 
undifferentiated to be attractive. The attractiveness of sulphides to flies were 
previously suggested by Stensmyr et al. (2002), who showed that blowflies 
respond to dimethyl-mono-, dimethyl-di- and dimethyl-trisulphide, emitted by 
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both, a plant and meat, in an identical way. Emmens (1982) demonstrated that the 
oviposition behaviour of L. cuprina was strongly affected by bacterial products, 
especially by sulphur compounds. Also in our experiments the mated females 
reacted to stages as cd10 and cd30 (active decay) without strong polysulphides 
emission, but with 1-octene-3-ol and hexanol, which are characteristic for fungal 
decomposition (Pfeil and Mumma, 1993), as well as butanoic acid and cyclic 
compounds. 
In our tests, the mated females are the only flies, which reacted to volatiles emitted 
from the stages wh1, wh10 and cd30, which have, for example, a completely 
different ester emission pattern. It is thus conceivable that esters play a minor role 
for detecting a carcass. However, 3-hydroxybutanone, characteristic for the entire 
group of decomposition stages which mated Lucilia caesar females preferred in 
the bioassays (Table 3), could already be found after one day in wh, sufficiently 
abundant to be significant against cd1, and is characteristic for wh10. In the cd 
stages the occurrence of 3-hydroxybutanone is strongly decelerated and show 
peak-amounts in cd30. It probably represents the best indicator for the bacterial 
activity and therefore the dependence of climatic conditions with respect to the 
breakdown of compounds. 3-hydroxybutanone, also known as acetion, is a by-
product of bacterial activity after decarboxylation of proteins, probably a key 
compound group for scavenger insects in the meaning of detecting oviposition 
sites and resources for the offspring and brood care (compare Robacker and 
Lauzon, 2002; Robacker et al., 2004). 
Another attractive compound, which may be the main attractant and explains the 
preference of all stages of the mated females by ANOSIM is ethylbutyrate. It has 
been demonstrated that ethylbutyrate occurs in ripe fruits attracting fruit flies 
(Malo, 2005), in particular gravid females (Eisenmann, 1992). Therefore it may 
provoke attractiveness for mated female flies to carcasses primarily as oviposition 
site.  
Interestingly, the highly preferred stage cd10 has abundant 1-octene-3-ol, which is 
predominantly emitted during decomposition in the cold and dry environment, 
seems important for flies to identify their resources previously shown by Pfeil and 
Mumma (1993) and Schofield et al. (1995).  
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3.2.6 Summary and conclusions 
Our results clearly demonstrate that Lucilia caesar, which arrives first of all 
colonizers on the carcass, strongly reacts to VOC classes or specific combination 
of compounds. Furthermore the searching behaviour is sex dependent (females 
reacted stronger than male) and a completed mating changes the attractiveness of 
resources (mated females reacted stronger than unmated). 
The males were barely “interested” in decayed carcasses and preferred a very fresh 
stage. They were slightly attracted to polysulphides, which suggests that they 
search for mating sites. Unmated females, looking for protein sources and 
aggregation sites, preferred three very different decomposition stages. These all 
had in common low absolute concentrations of emitted volatile and belonged either 
to fresh (cd1), beginning of active and (cd10) or advanced decomposition (wh30). 
The unmated females were the only group that preferred high relative amounts of 
volatile fatty acids. They were also attracted to cyclic compunds, which can also be 
found in faeces and manure. The mated females were the only group, which 
preferred a bloated stage (wh10) and the cd30 stage, both characterised by 3-
hydroxy-butanone. However, the most attractive stage was the fresh/active 
decayed stage cd10. 1-octen-3-ol is the most characteristic compound for that 
particular stage, which might indicate an oviposition site. 
We assume that our rearing medium on which the adult flies were reared for 
bioassays, which only contained carbohydrates, influenced the behaviour. As a 
carcass provides proteins, the flies might have reacted also as a result of a lack of 
required nutrition. To exclude such unwanted interactions, further investigations 
regarding the physiological stages of the flies are necessary.  
Future investigations across a higher number of taxa and their preference to 
emitted VOCs by different decomposition stages are needed to better pinpoint 1) 
the general attractiveness of flies to specific compounds and compound 
combinations and 2) to reliably determine the time of death of corpses older than 
30 days.  
But by now we know that the time of settlement is dependent on the elicitor of 
resource searching behaviour and therefore on the physiological condition of the 
flies, collecting flies from corpses as an evidence for the PMI should always take 
into consideration the flies’ physiological conditions.  
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3.3 The olfactory mediated behaviour and oogenesis regulation - The influence 




Insects need to feed, mate and oviposit for their reproduction. These requirements 
are influenced by intrinsic factors (neuronal, hormonal and muscular). Insects’ 
attraction to special resources depends on these intrinsic physiological 
circumstances, therefore resource-orientated behaviour is the result of 
physiological status as well as external stimuli. In this study we examined the 
relationship between physiological conditions in female flies, including oogenis 
and gravidity, in the scavenger fly Lucilia caesar and their attraction to carcass 
odors. 
In bioassays with a decomposed mouse (Mus musculus), mixtures of synthetic 
compound classes and fly-stages of several physiological states we observed rates 
of attraction and found compounds classes that attract the different physiological 
stages respectively. 
In particular, 7-day old females reacted strongly to the offered carcass but were 
attracted to cyclic compounds when mated exposed to a protein poor nutrition, 
whereas they responded to fatty acids when mated but exposed to a protein-
enriched diet. 
The results are discussed with regard to the possible mechanisms that are 
responsible for the change in behaviour. 
 
3.3.2 Introduction 
In order to understand insect behavior, it is essential to know the sex and the stage 
of development of the species under study, which means the physiological 
condition that requires special resources (Kasper et al., in review). These intrinsic 
factors change insect’s searching behavior for particular resources and the 
responses to extrinsic stimuli (Browne, 1993). One example is that food is 
necessary for all larvae and almost all adults to sustain vital functions, but 
resources related specifically to reproduction are required by the adult insects only. 
Special diets may be needed for the development of reproductive organs 
(Stoffalano, 1995). Browne (2001) showed that Lucilia cuprina females require 
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protein-rich food in order to complete egg maturation that depends on the release 
of the ovarian ecdysteroidogenic hormone through the corpora cardiaca (Yin et 
al., 1993; Zou et al., 1989). Without protein the cycle stops at the end of the 
previtellogenesis or at the initial vitellogenesis and development of all primary 
ovarian follicles is stopped at a distinct stage (anautogene oogenesis) (Harlow, 
1956; Aluja, 2001). Other factors such as temperature, humidity, light, host stimuli 
and copulation also influence the neural and hormonal control of the ovarian 
development (Papaj, 2000; 2005; Lachmann, 2001).  Gravid females of blowflies 
in advanced vittelogenous stages show a high response activity to carrion odours 
(Woodburn and Vogt, 1982; Stoffalano et al., 1990; Wall and Warnes, 1994).  
Mates are needed for fertilization (given there is no parthenogenesis) (Browne, 
1993). Full ovarian development or egg load, which occurs if a protein-rich diet 
was taken (Browne, 1987), yields to mating (Carsten, 2005). This also happens 
indirectly through host stimuli (e.g. fruit experience for Tephritidae) as it has a 
positive effect on egg load (Papaj 2000, 2005). Stoffolano (1995) showed that 
sugar, faeces or liver-feeding in Calliphoridae results in different ovarian 
development and thus in differences pertaining to the readiness for mating in 
females and also in males. In contrast, Omar (1992) claims that protein diet did not 
affect male blowfly mating behaviour or vastly influence their sexual activity 
(Parker (1968).  
The two sexes of blowflies most often find each other either on food resources 
(Stoffalano et al., 1990), driven by sex pheromones (Shorey and Browne, 1969) or 
at ovipostion sites (Parker 1968). Burying beetles (Silphidae: Nicrophorus) mate 
on a cadaver after the males arrive first and release a pheromone to attract the 
females (Müller et al., 1990). However, blowflies have apparently no pheromone 
attractant but a mounting stimulant and the females reject further courtship, after 
they have mated but become receptive again after oviposition (Parker 1968). 
Evidence is accumulating that mating changes the fly’s responsiveness to 
attractants and thus their behavior (Kasper et al., in review). For instance virgin 
females of Tephritidae are highly attracted to male pheromones over host fruits; 
mated females, instead, chose the fruit odor (Jang, 1995, 2002).  
Fertilized females require an oviposition site. Here, it is of interest whether the 
females oviposit at the same spot where they fed and/or copulated, attracted by the 
food resource or male pheromones (as described above), or whether the females 
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search for a suitable oviposition site itself.  It happens that males await females on 
oviposition sites (Borgia, 1981; Otronen, 1995). For example, Scatophaga females 
visit cattle dung to lay their eggs and mate directly before oviposition on the dung 
(Parker, 1970 a,b and 1974). Sivinski (1988) showed female aggregation in 
Phoridae also through pheromones emitted by other females (also shown for 
blowfly L. cuprina (Browne et al., 1969) for Culex quinquefasciatus (Laurence 
and Pickett, 1985), and for four other different dipteran families (McCall and 
Cameron, 1995).  
From this it is apparent that there is pheromone-regulated oviposition behaviour in 
flies, however, it is suggested that the females are mainly attracted by odors 
released from characteristic resources (Pfeil and Mumma, 1993; Hartlieb and 
Anderson, 1999; Staedler, 2002; Stensmyr et al. 2002). 
Cragg (1956) examined the oviposition behaviour of different species of Lucilia 
sheep blowflies that were attracted by different substance combinations 
irrespective of bacteria. In his opinion, temperature is an important stimulus. Wall 
and Fisher (2001) declaim additional visual cues. In contrast, Emmens (1982) 
showed that the oviposition behaviour of L. cuprina is strongly affected by 
bacterial metabolic products, especially by sulphur compounds.  
In summary, it seems that olfactory-mediated behaviour is dependant on the 
combination of intrinsic factors which change the awareness of extrinsic stimuli. In 
the present study we examined the change of carrion attractiveness within the 
development of a necrophagous female fly (Lucilia caesar) for a better 
understanding of insect succession on corpses and the mechanisms responsible. 
 
3.3.3 Materials and Methods  
3.3.3.1 Breeding 
For fly breeding Lucilia caesar L3-stadium larvae, which were close to imaginal 
molt, were used. To preserve unfertilized females the pupae were reared 
individually and after hatching and gender determination, 20-60 females were kept 
together in breeding boxes. To obtain fertilized females the pupae (50-150 
individuals) were kept in the breeding boxes at once (Pollock, 1991). 
Lucilia caesar females are monogamous, whereas males have typically more than 
one partners (polygyny) and thus more willing male partners exist. When both 
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sexes were kept in a narrow space, the females are quickly mated after the 
imaginal molt.  
The breeding boxes were transparent acrylic glass boxes (35 x 20 x 15 cm) which 
contained water as well as a raisin-cornflakes-sugar mixture. Room temperature 
was held constant 23 ± 2˚C at 55% humidity. The light-dark cycle was ~11:13 
hours, which was maintained through daylight-lamps during the winter. The flies 
were kept under two separate feeding conditions. One group received sugar-water, 
raisins and cornflake-mush and the other (for experiments with optimal feeding 
conditions) received peptone dissolved in water in addition which was provided 
freshly every day to prevent odor formation thus to breed female flies naïve to 
cadaver-odors. 
For the different experimental designs flies were tested after one, three, seven and 
ten days for the oogenesis and decomposition attraction experiments and after one, 
three and seven days for the volatile attraction experiment. 
 
3.3.3.2 Preparation of ovaries for ovary development status 
To prepare ovaries and spermathecae the flies were shock-frozen at -20˚ for 20 min 
and the organs were removed. Extracted ovarioles and entire fragments of the 
ovary were transferred to 96% ethanol to an object carrier and the stage of the 
primary ovarian follicles determined with a phase contrast microscope.  
Egg stages were classified using the scheme of Adams and Mullas (1967) in ten 
stages: primary ovarian follicles without opaque (visible) yolk material in the egg 
chamber are described as previtellogene and were classified as stage I-III. Stages 
IV-IX are vitellogene follicles and the Xth stage equals a mature egg.  
Females without peptone-enriched diet and with peptone-enriched food were 
dissected at different times (one, three, seven, and ten days) and the stages of ten 
females determined. 
 
3.3.3.3 Mating status and oviposition 
To verify at which age and how many females were gravid, squeeze preparations 
of three spermathecae of a fly were made. Twenty females from each age group 
with protein-free diet were selected and their spermathecae examined. Females, 
brought together with males in the same breeding box were expected to oviposit. 
Therefore 20 flies from each age stage (one, three, seven and ten days respectively) 
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were separated and placed on a beef mince ball (5 cm in diameter) in a jar.  After 
removal of the flies, six hours later the number of laid eggs was counted. After 12 
hours the amount of hatched larvae was determined through deduction of the 
remaining unhatched eggs. 
 
3.3.3.4 Bioassays 
Olfactory attraction was recorded using a static-4-chamber olfactometer as 
described by Steidle and Schöller (1997). The olfactometer was made of acrylic 
glass and consisted of a cylinder (4 cm high, 19 cm across) subdivided by vertical 
plates into four chambers. On the top of the cylinder, stringed with plastic gauze 
(mesh 0.5 mm), a walking arena (1 cm high, 19 cm across) was placed with a rim 
of acrylic glass (0.9 cm high) and covered with a glass plate. Each chamber was 
open to the walking arena above so volatiles could diffuse through the gauze and 
form an odor field. The olfactometer was illuminated from above. 
1. The first bioassay was conducted with mated and unmated females of different 
ages (one, three, seven and ten days after hatching) and feeding state (with and 
without proteins) on the most attractive decomposition stage (cd10) (Kasper et 
al., in review). Three chambers were left empty and in the fourth chamber a 
dead mouse was placed. 
2.  In bioassay two, six mixtures, each mixture consisting of a different class of 
compounds (alcohols, fatty acids, esters, sulphides, noncyclic hydrocarbons, 
and cyclic compoundss; see Table 2) were tested for its attractivity to males, 
unmated females and mated females (one, three and seven days after hatching). 
The 7-days old flies were separated into two groups: with protein-enriched diet 
and without. The quality and quantity of the mixture was related to the organic 
volatile composition of a 10-days dead mouse decomposing in a cold and dry 
environment (12°C/40-60% RH) (Kasper et al., 2012). Three chambers were 
provided with blank filter paper as reference. The volatiles were dissolved in 
dichloromethane and 1 μl was dropped on a fourth piece of paper and placed in 
the test chamber four. 
 
In each test-run a fly was released into the walking arena for three minutes and the 
abidance times within each field were summed up. A sample of 20 individuals was 
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recorded per treatment combination. The olfactometer was cleaned after the fourth 
test run or after every change of parameters. 
 
Figure. 1: relative distribution of the volatile compound classes of a mouse decomposed for ten 
days under cold and dry conditions (12°C/40-60% RH) in ng/μl, (Kasper et al., 2012) 
 
 
Table. 1: Composition of the used mixtures in bioassay 2 in respect of the result after a mouse 
decomposed for ten days under cold and dry conditions (12°C/40-60% RH)  was analysed in the 




The synthetic substances originated from Aldrich, Merck and Fluka and were between 95%-99%, 
GC-MS: coupled gas chromatography mass spectrometry 
 
classes compounds ng/µl classes compounds ng/µl
alcohols 1-butanol 1.5 carboxylic acids acetic acid 0.2
and ketones 3-methylbutan-1-ol 1.8 propanoic acid 0.3
1-hexanol 11.7 2-methylpropanoic acid 0.3
1-octen-3-ol 1.5 butanoic acid 2.5
1-octanol 0.1 2-/3-methylbutanoic acid 0.8
benzylalcohol 1.0 pentanoic acid 0.1
2-phenylethanol 1.4 4-methylpentanoic acid 1.5
3-hydroxy-2-butanone 2.3 hexanoic acid 0.8
esters ethyl butyrate 1.0 heptanoic acid 0.1
propyl butyrate 0.3 octanoic acid 0.3
butyl butyrate 0.2 nonanoic acid 0.5
ethyl 2-methylbutyrate 0.0 decanoic 0.3
ethyl pentanoate 0.4 aldehydes benzaldehyd 0.2
ethyl hexanoate 0.1 heptanal 1.8
propyl hexanoate 0.1 hexanal 0.8
ethyl octanoate 0.2 octanal 0.2
gamma-butyrolacton 0.4 cyclic hydrocarbons phenol 2.2
sulfur compounds dimethyl disulfide 0.0 indol 0.7
dimethyl trisulfide 0.2 3-ethyl-2,5-dimethylpyrazine 0.1
dimethyl tetrasulfide 0.1 3-carene 0.1
3-methylthio-1-propanol 0.1
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3.3.3.5 Statistics 
Whether a significant difference between the abidance times within the four fields 
existed was tested using the Friedman and Wilcoxon tests (Siegel and Castellan, 
1988). The Friedman test determines whether multiple connected spot tests derive 
from the same population (compares intermediate order statistics of the variables). 
The Wilcoxon was used to compare pair differences of abidance time in field four, 
with the dead mouse, versus the reference field two, which has no direct border to 
the test field. The non-parametric one-way analysis of variance, Kruskal-Wallis-
test, which uses more than two samples that are independent, or not related, was 
used to examine the effect of the group variables (age, diet and gravidity) upon the 
abidance time in field 4. 
 
3.3.4 Results 
3.3.4.1 Ovary preparation of ovary development status 
Microscopic preparation showed that all follicles of paired ovaries developed 
synchronously within an individual. Flies with similar nutrition showed a distinct 
egg development stage corresponded to each age step and the egg chamber 
differed maximally in one stadium (see Fig. 2). The egg development of Lucilia 
caesar strongly depended on the age and ingestion of proteins in the post 
metabolic phase. Following our own observations the previtellogenous phase 
lasted three days for all examined flies, independent of their nutrition (with or 
without proteins) and from the presence of male flies. Afterwards, dietary 
determined the progress of the oogenesis (Fig. 2). Eggs from females with protein-
poor dietary (cornflakes and raisins) reached maximally the IIIrd stadium, thus 
before the yolk proteins are ingested in the oocytes. After ten days the ovaries still 
remained in the previtellogenesis stage. The arrested oogenesis of ten-day old 
females with protein-poor dietary could be reversed and completed within two 
days after addition of proteins to the nutrition. Only with protein-rich dietary the 
gonadal development could be completed. The dissected female flies produced 
mature eggs in the Xth stadium after seven to ten days. Two cycles could overlap 
within the females.  When the first cycle was completed and the eggs in the Xth 
stadium were ready to be laid a second gonotrophic cycle emerged with eggs in the 
Vth stadium. 
 The olfactory mediated behaviour and oogenesis regulation 
 105 






























































 The olfactory mediated behaviour and oogenesis regulation 
 107 
Figure. 2: Age- and nutrition depended oogenesis: Development stages of the egg chamber of 1, 3, 
7 and 10 days old Lucilia caesar females  with and without protein n=20  
The ovarioles of Diptera are polytroph- meroitic and form clustered ovaries. The ovarioles end via 
a conjoint calyx in the oviduct, which join the oviduct of another ovary and lead into the uterus. 
Out of the uterus reach 1) pairs of appenda glands, which form a secretion keeping the sperms alive 
and 2) the spermathecae. They ingest the sperms during copulation and store them until their 
release for egg intersemination (Lay, 1999). The development of the ovular chamber has been 
divided in ten stages (Adams and Mulla, 1967). At the beginning the germ cell, enclosed by the 
ovarioles, forms the germaria or hypoblasts, which are morphologically similar elongated mass of 
cells. The Ist germ cell stadium has been described as cell differentiation in the basal part of the 
germarium. The germ cell, separated from the germarium through a thin epithelial layer of cells, 
changes it’s conical to a spherical form. The chromatin structure of the nurse cell cores experience 
strong changes until the IIIrd stadium. The drastic process of the oocytes begins within the IVth 
stadium, where yolk forms and the oocyte starts to grow to the size of a mature egg. The ovular cell 
grows from initially 30 µm to 1000µm. The nurse cells degenerate in the IXth stadium (Adams and 
Reinecke, 1979; Theunissen, 1972; Vogt et al., 1974). All oocytes develop synchronous in distinct 
cycles but the cycles are temporarily overlapping. While the eggs of the first ovaria-cycle are 




3.3.4.2 Mating status and oviposition 
In 10% of the tested female flies fed with protein-poor nutrition sperm was found 
in the spermathecae already after 24 hours. With increasing age, the number of 
gravid females also increased. 80% of the male flies successfully passed on their 
sperm to the females after 10 days. None of the female flies fed with protein-poor 
diet deposited their eggs in tested age steps. However, 10% of the female flies fed 
with protein-rich diet deposited their mature eggs after seven days, all of which 
hatched. The eggs were laid predominately in clusters as is characteristic for this 
species. After ten days almost 50% of the tested flies laid their eggs, o most of 
which hatched within a few hours, and the latest after one day. Only a few eggs 
remained unhatched.  




Figure. 3: A: percentage of gravid 1, 3, 7 and 10 days old Lucilia caesar females with protein poor 
nutrition n=10. B: Total number of eggs and percentage of females ovipositing at 1, 3, 7 and 10 
days after emerging. Lucilia caesar females with protein rich nutrition, n= 20;  
 
 
3.3.4.3 Four ages of females and two diets in bioassays 
To better understand what caused the observed differences in behaviour among the 
females in different physiological conditions we tested these on the preferred cd10 
decomposition stage (Kasper et al., 2012). Comparing the mean time spent on the 
test field with the decomposing mouse none of the 1-day-old flies showed any 
preference for the test field. From day three all mated flies, regardless of the diet, 
were attracted to the dead mouse. Among the unmated flies the protein-fed flies 
did not respond significantly in our tests until the seventh day after emerging from 
the puparium. 
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Table. 2: Significance difference P (after Friedmann- and Wilcoxon-Test) between the mean time 
spent on control-fields 1-3 and test field 4 with and without protein enriched diets ( * = P < 0.05, ** 




Comparison of the females’ behaviour on different diets has shown that 1-day-old 
flies with protein-poor diet spent approximately the same amount of time in all 
four fields. Three-day old flies doubled their time spent on the test field. The 
maximum time spent in the test field was reached with 7-day-old flies, which spent 
more than half of the test duration on the test field, whereas 10-days-old flies again 
showed a less distinct preference for the test field. The same pattern of time spent 
on the test field occurs with unmated and mated females (Fig. 4).  
The flies fed on a protein-rich diet showed a similar reaction after one day but a 
significant difference (Kruskal Wallis test; P = 0.007, n = 20) between the un- and 
mated females three days after hatching out of the pupae. The mated females react 
after three days always more than the unmated even if the reaction of the unmated 
flies increases with time. 
Within the mated female flies no significant difference occurred between the two 












age [d] unmated mated age [d] unmated mated
1 1
3 ** ** 3 **
7 ** ** 7 ** **
10 ** * 10 ** **
with proteinwithout protein





Figure. 4: A: mean time spent on test field 4 of un- and fertilized female flies with protein poor and 
protein- enriched diets of four different ages, shown for protein poor and – enriched diets incl. 
significance P (after Kruskal Wallis-Test) n=20, (± standard error), maximum possible time = 
180s, random expectation = 45s.  
 
 
The aldehydes were not significantly frequented by any of the tested flies 
regardless of their physiological condition. Males showed significant interest in 
aromatic cyclic compounds (Friedmann-test; P= 0.032 and 0.016) and the one day 
old males also reacted positively to sulphides (Friedmann-test; P = 0.013). 
Alcohols was interestingly attractive for 7-day-old males and females with and 
without protein although not always significantly (for 7fp applies Friedmann-test; 
P = 0.039 but Wilcoxon-test: P = 0.872). 
Freshly emerged female flies visited the test field when fatty acids were provided 
(Friedmann-test; P = 0.032) but after three days they changed their behaviour and 
became attracted to ester (Friedmann-test; P = 0.031) and sulphides (Friedmann-
test; P = 0.001). The females that received proteins in their diet were interested in 
fatty acids (Friedmann-test; P = 0.001) and sulphides (Friedmann-test; P n = 0.022) 
after seven days, whereas those fed a protein poor diet visited just the cyclic 
compounds without protein enriched dietry (Friedmann-test; P =0.003). 
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3.3.4.4 Eight physiological stages and six compound classes in bioassays 
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Fig.5: Response of the different physiological fly stages on the compound classes. Significant 
attractiveness tested with Friedmann and Wilcoxon tests are demonstrated by stars. 
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In summary, the eggs are fully developed after seven days if protein-rich nutrition 
was taken and oviposition takes place only after mating. With poor proteins the 
attraction of protein rich resources occur three days after the female flies emerged. 
The state of gravidity had no influence in flies with protein-poor diets, whereas the 
protein-fed mated flies were significant attracted to the dead mouse, always more 
than the unmated females. 
 
Figure. 6: Mean times spent by female flies on the mouse carcass and plotted compound classes 
significant attractive to the same fly stages. 
 
 
Among the unmated female flies a protein-poor diet increased the attraction to the 
dead mouse, especially between three and seven days. The attractiveness to 
volatile organic compound (VOC) groups changes from ester and sulphides to 
aromatic cyclic compounds. Although mated females reacted almost identical to 
the carcass, regardless of their diet and their egg load, the volatile composition in 
which they are interested is very different. The females without proteins were 
searching for cyclic compounds only, whereas the females with protein, which are 
ready to oviposit, were interested in fatty acids and sulphides. Interestingly the 
attractiveness to alcohol increase with age in both sexes regardless the diet. 
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3.3.5 Discussion 
3.3.5.1 Change of the attractiveness  
After we confirmed a synchronic egg development in our rearing depending on 
protein nutrition (as described in Mackerras, 1933; Vogt et al., 1974; Stoffalano et 
al., 1995; Browne, 2001) we can interpret the searching behaviour for carcasses as 
a  search for food resource and mating or oviposition sites with respect to the 
physiological stage in female flies: 
 At one day after the adults emerged, the response was low and the 
differences between all females were minimal as expected because there was little 
time to mate and the diet had not much influence on the egg development so far. 
However, the mated females without protein-enriched diet responded most to fatty 
acids at one day after they emerged confirming the results shown by Kelling et al. 
(2001). In (Kasper et al. (in review) we demonstrated that unmated females prefer 
fresh, active or advanced decomposition stages whereby the carcass of the 
advanced stage emits high amounts of fatty acids (Kasper et al., 2012). In this 
study we used a carcass in the active decay stage realised by decomposing it for 
ten days in a cold and dry environment (12°C/40-60% RH) (and its volatile 
composition (Kasper et al., 2012 and in review). Both, the mated and unmated 
females have been attracted to this stage in previous experiments, but differently in 
intensity (Kasper et al., in review). It is possible, that the unmated females in our 
current experiments responded to the fatty acid (mainly butanoic acids) 
composition of the dead mouse, but would prefer another stage’s odour pattern if it 
was offered. In Kasper et al. (in review) we suggested that the flies could detect a 
protein resource by the emitted fatty acids. After repeating bioassays with female 
flies divided into groups of different physiological stages of gravidity and egg 
development we can disprove this theory, as in our new experiments unmated 
females chose fatty acids when protein was not necessary and preferred other 
compounds when it was. It is more likely that their physiological condition require 
the fatty acids and they incorporate them into their tissue; generally without 
modification of the fatty acids (sugars and certain amino acids are converted into 
fatty acids before incorporated into tissues) (Stanley-Samuelson et al., 1988). In 
addition, there is a continuous fatty acid turnover in tissue lipids by hydrolytic and 
transferring enzymes (Spike et al., 1991).  
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 As the response of unmated females fed with protein enriched food to the 
offered carcass was very low, we assume their behaviour was indifferent because 
they do not require more proteins than they obtained from their food. The egg 
maturation developed well (see Fig. 2) but as they have not mated yet no 
oviposition site was required either.  
 In contrast, the unmated females reacted strongly to the carcass if no 
protein was given. Without protein nutrition, and therefore with undeveloped eggs, 
the attraction of protein-rich resources occurred always three days after the female 
flies emerged regardless of the state of gravidity. Especially between three and 
seven days the response was high as during these days, before the yolk proteins are 
ingested in the oocytes (stage IV), proteins are required (Stoffalano et al., 1995; 
Brown, 2001) and a protein-deficiency triggers a searching behaviour of the same 
(Dethier, 1961). In previous experiments (Kasper et al., in review) the unmated 
females without protein diet preferred decomposition stages, which were all 
characterised by generally low absolute emissions, especially low amounts of 
sulphide compounds. The characteristic compounds preferred by the unmated 
females were fatty acids and cyclic compounds (compare Cossé and Baker, 1996). 
Unfortunately we did not subdivid the unmated females by age and gravidity as we 
focused on the circumstances around the egg development and the oviposition, so 
that males and unmated females acted more as reference groups. 
 At three days the mated flies were significantly attracted to esters and 
sulphides when no protein enriched diet was taken. In Kasper et al., (in review) we 
showed that mated females without protein diet reacted to decomposition stages 
with very different ester emission pattern. This could be caused by different ages 
of the females as we can see now, only 3-day-old females preferred the ester 
mixture. Esters have a pleasant fruity odour (Kim, 1998), and occur after 
fermentation, which is attractive for several insects (El-Sayed et al., 2005; 
Ponnusamy, et al., 2008). Overall the emitted amount of esters in the tested carcass 
was very low (4 % of the total emitted VOCs). The ester with the highest amount 
was ethylbutyrate (Kasper et al., 2012), which was also the most attractive ester 
shown in Kasper et al. (in review). In ripe fruits, for example, ethylbutyrate attracts 
gravid female fruit flies (Eisemann and Rice, 1992; Malo, 2005). Also insect 
pheromones often contain esters (Leal, 1998) but the flies in our experiments have 
already mated and males, however, showed no response to esters (see fig. 5 and 6).  
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Further tests are reqired in order to better understand the role of esters in the 
nutrition and searching behaviour of flies. In contrast the role of suphides is 
already well examined as a key role in detecting carrion and as a resource for 
reproduction (Emmens, 1982; Nilssen, 1996; Stensmyr et al., 2002; Woodard, 
2002; Kalinova et al., 2009; Podskalska, 2009; Kasper et al., in review). 
 After the critical stage of egg development (stage IV) after seven days, 
although the eggs are still not maturated without protein, the mated flies’ response 
changed for cyclic compounds. Interestingly the males showed the same response 
at the seventh day without proteins. However the males showed regardless of the 
age and nutrition similar attraction to odours of sulphides, phenol and indole. 
These compounds are also known from faeces and manure, which is the regular 
food recourse and may also act as aggregation sites (Cossé and Baker, 1996; 
Johnson and Jürgens, 2010) and is preferred to carrion (Stoffalano et al., 1990). A 
searching behaviour of the males, which could explain required protein to build up 
their readiness for mating (Nagawaka et al., 1994; Stoffalano et al., 1995), was not 
noticeable. 
 Furthermore, the mated female flies were more attracted to the dead mouse 
than the unmated females when protein-fed, which occurred significantly at day 
three after emerging. The mated females fed with protein responded similarly 
strong to the mated flies without protein nutrition. In contrast mated females fed 
with protein still showed a high response after ten days (compare Hammack et al., 
1987) as they most likely searched for an oviposition site and a suitable recourse 
for their offspring. Here, the difference in the elicitor is particularly obvious as 
without protein they preferred cyclic compounds whereas with protein the mated 
females preferred fatty acids and sulphides. We expected sulphides to be relevant 
for this stage as they were always related to scavenger insects and gravid females 
(Emmens, 1982; Nilssen, 1996; Stensmyr et al., 2002; Woodard, 2002; Kalinova et 
al., 2009; Podskalska, 2009) and are a good indicator for protein resources (Kasper 
et al., in review).  We suggested, that the freshly emerged females after one day 
responded to fatty acids in need to incorporate fatty acids into their tissue. Gravid 
females might search for an oviposition site, which offers fatty acids for their 
offspring or they build it in the egg yolk directly, as shown for vertebrates in 
Simopoulos and Salem (1992). Barrozo and Lazzari (2004) showed that blood-
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sucking insects are attracted to short-chained fatty acids which might lead to the 
same assumption. 
The main fatty acid of the active decomposition stage was butanoic acid, which 
has a very characteristic odour of rotten organic material, especially for 
carbohydrates. We assume the quantitative combination of both, the fatty acids 
(butanoic acid) and the polysulphides is important for recognising the right stage 
for the offspring. Consistantly, in Kasper et al. (in review) we demonstrated that 
mated females were not attracted to advanced decay stage with the highest 
emission of fatty acids and high amounts of the cyclic compounds, but to the stage 
with the least amounts of sulphide compounds.  
However, 3-hydroxybutanone, which occurs after bacterial decomposition, was 
characteristic for the entire group of decomposition stages which mated Lucilia 
caesar females preferred (Kasper et al., in review) and was thought to be a key 
compound group for scavenger insects in the meaning of detecting oviposition 
sites and resources for the offspring and brood care (compare Robacker and 
Lauzon, 2002; Robacker et al., 2004). In addition, the highly preferred active 
decay stages without strong polysulphides emission, but abundant 1-octene-3-ol, 
which was also thought to be important for flies to identify their resources, 
previously shown by Pfeil and Mumma (1993) and Schofield et al. (1995), as well 
as hexanol, which are characteristic for fungal decomposition. But those 
substances had never a significant attraction, although the attractiveness to the 
alcohol/ketones increased with age in both sexes regardless the diet. 
In order to explain the role of the alcohol compounds, further investigations in are 
necessary.  
 
3.3.5.2 Mechanisms for the change of behaviour 
The results of our experiments clearly show a change in the response of female 
flies to odours and their VOCs depending on their physiological state. At this stage 
we can only make assumtions about the regulatory processes within the insect’s 
body. The main mechanism for controlling the change in resource-searching 
behavior is likely to be found in the olfaction organs themselves. They consist of 
numerous accessory sensilla and are mainly located on the third antennal segment 
(funiculus) and the maxillary palps within Diptera (cyclorrhaphe Brachycera) 
(Siddiqi, 1991; Shanbhag et al., 1999; Pfeil et al., 1994; de Bruyne, 1999). Flies 
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have three types of sensilla (Stocker, 1994; Shanbag et al., 1999; Keil, 2001). 
Clyne et al. (1997) have documented odour responses of these morphological 
sensilla types, whereby sensilla trichoidea are used for pheromone detection and 
are well developed in males and sensilla basiconica as well as s. coeloconica are 
used for food detection and are important for females to find oviposition places 
(Park et al. 2000 and 2002). These functional differences could be controlled by 
the the olfactoric receptors (ORs) (Vosshall et al., 1999; Clyne et al., 1999), which 
are located on the dendrite’s surface of the olfactory receptor neurons (ORNs) in 
the sensilla (Keil, 2001). Every OR detects a variety of odor compounds, which 
possess particular molecular characteristics and can therefore bind onto the 
receptor (de Bruyne et al., 1999, 2001 and 2005; Stensmyr et al., 2003). The 
arrangement of the ORNs and the type of ORs they express are variegated and can 
therefore be used to organize the detection of compounds (Clyne, 1999; Vosshall, 
1999 and 2000; Dobrista, 2003; Hallem, et al., 2004 and 2006). This means that 
anatomical differences reflect a gender-dependent olfactory mediated behaviour 
(Pinto et al., 2001). 
The change of searching behaviour shown in this study, depending on the 
physiological condition could be found in the odorant binding proteins (OBP’s) in 
the inner sensilla-lumen binding the odor compounds and transports them to the 
OR’s (Vogt and Riddiford, 1981). Subfamilies, like sex-specific pheromone 
binding proteins (PBPs) (Vogt et al., 1991) or general odorant binding protein 
(GOBPs), which respond to a wide spectrum of volatiles, exist. In addition, 
Shanbag et al. (2001) showed different genes coding for the expression of different 
OBP’s could be for different sensillum types and subtypes, meaning that if there is 
a quantitave difference of sensillum arrangement, there is also a different 
expression pattern of OBPs. This suggests that OBPs can act as selective signal 
filters and play an important role in odour detection (Vogt et al., 1991 and 2003; 
Park, 2000).  
The change of protein-expression during different development stages of the flies 
could result in different binding of the odour compounds thus in different 
recognition of the odours. 
Another location for mediating the change of responding to different VOCs could 
be the antennal lobe, where the axons of the ORNs extend downward into the 
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glomeruli (Hansson et al., 1992; Vosshall, 2000; Ryback and Menzel 1993, 
Heisenberg 1998, Strausfeld et al 1998).  
It is not remarkable that there is indeed a sexual dimorphism in size of the 
funiculus, the numbers of sensilla types, the odorant receptor neurons (ORNs) and 
the antennal lobe (Shanbag et al., 1999; Keil, 2001; Kondoh, 2003) and also a 
regulatory protein-expression (Vogt et al., 1991; Laue et al., 1994; Steinbrecht et 
al., 1995). For example, Park (2000) showed for moths, despite the same 
morphology sensilla, a different expression pattern in s. tricohodea. PBPs were just 
found in males whereas only in female’s s. trichoidea GOBPs were found. GOBPs 




As nutrition changes the development of reproduction organs it also changes odor 
attraction (Nakagawa, 1994). Resource orientated behavior for female flies of 
different physiological stages has been shown for gravid females, which were 
strongly attracted to host stimuli before they lay eggs, whereas unmated females 
are much less attracted and males not at all (Woodburn and Vogt, 1982; Stoffalano 
et al., 1990; Archer and Elgar, 2003).  
Our experiments showed that the eggs were fully developed after seven days if 
protein rich nutrition was taken. Without protein either sulphides or cyclic 
compounds were attractive, which seems to be characteristic for a protein rich 
recourse. But it is also shown that only after mating did oviposition take place and 
that mated females reacted almost identical to the carcass after seven days, 
regardless of their diet and their egg development. Strikingly, the volatile 
composition, in which they were interested, was very different. Without proteins 
they needed nutrition for egg maturation and were searching for cyclic compounds 
only, whereas with protein-enriched diet and thus ready to oviposit, they were 
interested in sulphides and fatty acids. Fatty acids seemed to play an important role 
for the development of juvenile females. 
These results support the assumption that mating without developed eggs does not 
strongly influence the behaviour of the female. In contrast, if protein-enriched diet 
enabled the egg maturation, the mating triggered the response significantly, thus 
the difference between protein rich and poor nutrition increase drastically. 
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However, we are aware that the mixture of compound classes gives only an 
overview, what might be important for the different physiological stages and that 
further experiments with single compounds and compound combinations are 
necessary. Also the unmated females need to be subdivided. Electro-antennogram 
(EAG) is a good method to investigate the respond to the single substances. In 
order to find the mechanisms of the change of behaviour, protein staining could be 
used to examine a possible change in the OBPs expression in Lucilia caesar. 
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4. General Conclusions  
 
This study presents new insights into decomposition processes according to 
climate conditions, the production of volatile odour patterns from different decay 
stages, and the attraction of necrophagous insects – exemplified by Lucilia caesar 
Linneus, 1758 (Diptera: Calliphoridae) – to those odours and separate volatile 
compounds. 
Furthermore, it shows that insects of the same species settling on a dead body, are 
attracted by different odour patterns produced by different decomposition stages, 
depending on sex, nutrition and developmental stages (vitellogenic phase and 
mating status). 
The results contribute to the understanding of insect behaviour mediated by odour 
and physiological parameters, decomposition processes, and can assist in making 
reliable estimates of the exact time of post-mortem interval (PMI). 
 
4.1. Decomposition 
After death, organisms decompose by the action of a variety of enzymes and 
microorganisms. During the decay process, characteristic volatile organic 
compounds (VOCs) are emitted and are responsible for the odour of a carcass. 
The impact of abiotic factors like temperature and humidity on VOC emissions is 
barely understood, although these parameters are known to have a strong impact 
on the growth of microorganisms. 
In the present study, I standardised the decaying organisms as well as important 
abiotic parameters (storage time, temperature, humidity) to describe some general 
patterns of VOCs emissions affected by these external factors. I investigated the 
succession of VOCs released from dead mice stored for periods of one, ten and 30 
days under warm/humid (wh, 22°C/80-90% RH) or cold/dry (cd, 12°C/40-60% 
RH) climatic conditions. 
I identified 51 typical VOCs by coupled gas chromatography-mass spectrometry 
and analysed their profiles by multivariate statistical methods to find compounds 
characterizing the different decomposition stages. 
 
Dead mice stored under wh conditions released VOCs much faster, in higher 
amounts, and in a greater diversity than those stored under cd conditions. 
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However, after 30 days, the total amounts of VOCs released from cd and wh mice 
were similar because mice under cd conditions peaked at this time, while mice 
under wh conditions were declining after maximum emissions on day ten. 
However, the qualitative composition of cd and wh profiles suggests that different 
microorganisms favouring different decomposition processes were involved in 
VOCs production under different environmental regimes. 
The VOCs emitted by a corpse are commonly divided into several classes (Vass et 
al., 2004). The very low abundance of polysulphides under cd conditions in our 
study is most striking and suggests that bacterial proteolysis is delayed under these 
conditions. Furthermore, the reduction of polysulphides in mice under wh 
conditions after 30 days indicates a depletion of methionine and cysteine in the 
carcasses, which are among the least abundant amino acids in most proteins 
(Lodish et al., 2000). 
Interestingly, VOCs such as 1-octen-3-ol (after ten days) and 1-octanol and 1-
hexanol (after 30 days) are among the few compounds characteristic of mice under 
cd conditions. The VOC 1-hexanol is often reported in the context of fungal 
metabolism (Paczkowski and Schütz, 2011; Korpi et al., 1998). These findings 
suggest that under cd conditions bacterial putrefaction is suppressed in favour of 
fungal growth. 
All of the fatty acids found in this study are typical carcass VOCs (Vass et al., 
1992; Dekeirsschieter et al., 2009; Hoffman et al., 2009) originating from the 
microbial degradation of fat, carbohydrates, amino acids and other substrates 
(Paczkowski and Schütz, 2011). Apart from acetic and butyric acids, a number of 
branched acids were found to be major components under both climate regimes. 
Among these, there was 4-methylpentanoic acid, presumably derived from 
isoleucine degradation, which has rarely been reported previously. 
Butanoic acid is the most prominent acid in all stages and therefore esters of 
butanoic acid, with almost any alcohol present, were particularly found particularly 
in the “active decay” phase after 10 days under wh conditions. Most aromatic 
compounds found in the present study, like phenol, benzaldehyde, benzylalcohol, 
2-phenylethanol, and indole are typical carcass VOCs, but can also be found in 
manure and faeces (Cossé and Baker, 1996; Johnson and Jürgens, 2010). 
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Necrophagous insect species are attracted by decomposition VOCs and forensic 
entomologists use their predictable succession on a corpse to draw conclusions 
about the PMI. However, the interactions between the emission of different VOCs 
and insect settlement are largely unknown. 
 
4.2 Attraction 
Considering that, normally, gravid female flies settle on a carcass to oviposit, I 
tested mated Lucilia caesar females in respect to the attractiveness of different 
decaying mouse carcasses (fresh, bloating, active decay and advanced decay). In 
addition, I tested unmated females and males as reference groups. 
Differences in the attraction of the offered decomposition stages and their 
characteristic VOC-composition to L. caesar were demonstrated. 
Furthermore, I found evidences that the fly searching behaviour is sex dependent 
(females reacted stronger than males), and that successful mating changes the 
attractiveness to the carcass, with mated females reacting stronger than unmated 
ones. Also, the behaviour of unmated and mated female flies was different in 
accordance with the VOC emission patterns from each carcass. 
In addition, I showed that males were barely attracted to decayed carcasses and 
preferred a very fresh stage. They were slightly attracted to polysulphides and as 
all three groups of flies (mated females, unmated females and males) were 
attracted to the cd1 stage, I suggest that the emitted VOCs may also act as stimuli 
for food and aggregation sites. 
Unmated females searching for protein sources and aggregation sites preferred 
three very different decomposition stages. All these stages had low absolute 
concentrations of emitted VOCs and belonged to either fresh (cd1), beginning of 
active (cd10), or advanced decomposition (wh30). Unmated females were the only 
group that preferred high relative amounts of volatile fatty acids. They were also 
attracted to cyclic compoundss, especially phenol and indole, which can also be 
found in faeces and manure (Cossé and Baker, 1996; Johnson and Jürgens, 2010). 
Mated females, generally attracted to sulphides, were the only group, which 
preferred a bloated stage (wh10) and the cd30 stage, both characterised by 3-
hydroxy-butanone. However, the most attractive stage was the fresh/active decay 
stage cd10. The compound 1-octen-3-ol was the most characteristic for that 
particular stage, which might indicate an oviposition site. 
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My results show that the time of fly settlement is dependent on the elicitor of 
resource searching behaviour and therefore on the physiological condition of the 
flies. Collecting flies from corpses as evidence of PMI should always take into 
consideration the fly’s physiological conditions. I assume that the rearing medium 
on which the adult flies were fed for bioassays, which only contained 
carbohydrates, influenced their behaviour. As a carcass provides proteins, the flies 
might have reacted differently as a result of lacking the required nutrition. To 
exclude such unwanted interactions, further investigations regarding the 
physiological stages of the fly were necessary. 
 
4.3 Change of Behaviour 
To make reliable estimates of the exact PMI, the precise time of fly settlement, the 
species and their elicitor have to be known, as I have shown, for example, that 
males and previtellogenic females visit a corpse at different times from gravid 
females. 
Insects are attracted to special resources depending on intrinsic physiological 
stimuli; thus, physiological states and extrinsic stimuli change the elicitor to search 
for resources. In this study, I examined the relationship between physiological 
conditions in female Lucilia caesar flies including oogenis and gravidity and their 
attraction to odours from carcasses.  
Therefore, I reared adult male and female flies, whereby I subdivided groups of 
mated and unmated females and of protein-rich- and protein-poor-fed females.  
The fly-groups were tested at different ages in bioaseys with decomposed mice 
(Mus musculus) of the cd10 decomposition stage – previously shown as most 
attractive – and mixtures of synthetic compound classes. 
I recorded different rates of attraction to the carcass of each group and that 
different compound classes attracted different physiological stages of adult flies. 
In addition, one result was that the eggs were fully developed after seven days only 
if protein rich nutrition was taken, but only after mating oviposition took place.  
The mated 7-day-old females reacted strongly to carcasses, but could be 
distinguished by their previous nutrition: without proteins mated females needed 
nutrition for egg maturation and were searching for cyclic compounds only. With 
protein enriched diet and thus ready to oviposit, they were interested in sulphides 
and fatty acids, especially butanoic acid. Whereby the sulphides composition 
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seems to be the key indicator to identify the decomposition stages (Emmens, 1982; 
Nilssen, 1996; Stensmyr et al., 2002; Woodard, 2002; Kalinova et al., 2009; 
Podskalska, 2009), and the fatty acids seem to play an important role for the 
development of juvenile females and they might incorporate in the insect’s tissue 
(Stanley-Samuelson et al., 1988; Spike et al., 1991). 
The males showed regardless of the age and nutrition similar attraction to odours 
of sulphides, phenol and indole. These compounds occur in regular food resources 
like faeces and manure (Cossé and Baker, 1996; Johnson and Jürgens, 2010), 
which were preferred to carrion and may also act as aggregation sites and is 
(Stoffalano et al., 1990).  
Furthermore, the state of gravidity had no influence in female flies with protein-
poor diets, whereas the protein-rich-fed mated flies were significantly attracted to 
the dead mouse - always more than the unmated females. Among the unmated 
female flies, a protein-poor diet increased the attraction to the dead mouse.  
These results support the assumption that mating without developed eggs does not 
strongly influence the behaviour of the female, whereas mating triggered a 
significant response when a protein enriched diet enabled egg maturation, showing 
that the difference between a protein rich and a no-protein diet increases 
drastically. 
 
In summary, the present study, separated in three chapters, clearly demonstrates that: 
1. the composition of the volatile profiles emitted from a decaying carcass 
is influenced by time and the environmental conditions to which it is 
exposed; 
2. the blowfly Lucilia caesar discriminates between different 
decomposition stages in accordance to the emitted VOC composition; 
3. sex and the physiological states (e.g. gravidity) influence the 
attractiveness of different decomposition stages (with 3-7 day-old 
females reacted strongly when the egg development cycle was at stage 
IV and they required proteins); 
 Whereby fresh decay stages (very short PMI and/or cold and dry conditions), 
which emitted a composition of high relative amounts of polysulphides and 
intermediate amounts of alcohol, fatty acids and cyclic compounds and low 
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amounts of esters, was attractive to all tested fly groups and might be used as 
a food and aggregation site. 
 The bloating stage, with high absolute amounts of VOCs in particular of 
polysulphides, were only attractive to gravid females, which, if they had a 
complete egg maturation, responded to fatty acids and sulphides the most. If 
they could not complete the egg development due to their nutrition, they 
responded to cyclic compounds, which was found in the active decay stage. 
 The active decay stage (for example exposed for a longer period in a cold and 
dry environment) emits distinctly high amount of alcohols, intermediate 
amounts of fatty acids and cyclic compounds, and low amounts of esters and 
sulphides, was partly attractive to unmated females and significantly attractive 
to mated females. 
 The advanced decay stage with longer PMIs in a warm and humid environment 
emits relatively high amount of fatty acids, intermediate amounts of alcohol 
and cyclic compounds, and low amounts of sulphides and esters were only 
attractive to unmated females. 
 Males were attracted by compounds, which are also found in faeces and manure 
(sulphides, indole, and phenol). 




These results contribute to Forensic Entomology and help with estimating the time 
of death under different environmental conditions more precisely and should be 
taken into consideration whenever a PMI needs to be determined. However, further 
studies are needed to fully understand all factors influencing the composition of 
VOCs emitted by carcasses including: 
 using many carcasses decaying under different conditions, 
 determining the composition of microorganisms involved in decaying of 
carcasses,  
 understanding the impact of insect feeding on the composition of carcass-
related VOCs, 
 experiments with a higher number of insect taxa and their preference to 
emitted VOCs by different decomposition stages, 
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 studying the attractiveness of flies to specific compounds and compound 
combinations, 
 subdividing unmated females, 
 using electro-antennogram (EAG) to investigate the respose to the single 
substances, 
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1: Photographs of dead mice after 1, 10 and 30 days decomposed under warm/humid (wh, 2°C, 80-90 
% RH) and cold/dry (cd, 12 °C, 40-60 % RH) climate conditions 
a) wh1:  rigor mortis had almost dissipated, the abdomen is slightly shrunken; b) wh10: the abdomen is 
bloated; c) wh30: the body and leaked putrefaction liquid had dried, the fur dropped out; d) cd1: the 
body is still stiff (rigor mortis); e) cd10: the abdomen is shrunken; f) the body and fur are soaked, 











































2: Brechbühler closed-loop volatile sampling system. The volatiles were immobilized on adsorption 
tubes (65 mm length x 5 mm inner diameter, 5 mg activated charcoal).The vacuum pump performed a 
flow of one hour at a rate of 100 ml/min. 
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3: Original data of the GC-MS analysis of the mouse carcasses of the climate regimes warm/humid 
(wh, 20°C, 80-90 % RH) and cold/dry (cd, 12 °C, 40-60 % RH) for 1, 10 and 30 days decayed 
 
                  
   Alcohols in ng        
mouse GC-MS climate 8 12 20 22 28 32 43 44        
1 85 
wh1 
4.8 1.4 0.0 0.0 0.0 0.0 0.0 0.7        
4 86 3.0 1.2 0.0 0.0 0.0 0.0 0.0 0.8        
5 87 3.3 1.3 0.0 0.0 0.0 0.0 0.0 0.8        
6 88 2.6 1.0 0.0 0.0 0.0 0.0 0.0 0.6        
7 90 1.8 1.1 0.0 0.0 0.0 0.0 0.0 0.4        
8 91 1.6 0.8 0.0 0.0 0.0 0.0 0.0 0.4        
9 92 1.6 0.8 0.0 0.0 0.0 0.0 0.0 0.3        
10 113 3.5 4.2 0.0 0.5 0.0 0.0 0.0 0.5        
11 114 2.4 3.8 0.0 0.4 0.0 0.0 0.0 0.7        
12 115 2.5 2.2 0.0 0.5 0.0 0.0 0.0 0.7        
4 96 
wh10 
32.8 35.4 4.4 2.6 0.9 1.0 1.8 4.1        
5 98 12.2 27.4 1.5 2.9 0.0 0.6 1.6 7.0        
7 100 9.9 17.8 0.2 1.1 0.0 0.3 0.8 2.6        
8 101 6.6 11.4 1.2 7.5 0.0 0.5 1.0 2.7        
9 102 6.5 20.2 0.5 4.3 0.0 0.3 1.0 3.3        
6 104 13.4 28.8 1.6 3.2 0.0 0.6 2.2 8.9        
2 110 11.9 103.0 0.5 2.5 0.0 0.6 1.2 0.1        
3 111 16.0 202.3 1.4 0.9 0.0 0.4 1.5 0.7        
100 188 21.1 244.6 9.4 0.0 0.0 0.0 0.0 12.5        
101 189 19.8 202.0 7.3 0.0 0.0 0.0 0.0 15.5        
29 155 
wh30 
100.5 79.8 0.0 0.0 0.7 0.0 0.0 8.2        
36 186 26.9 52.5 0.0 1.3 0.4 0.0 2.0 12.2        
123 193 4.8 50.3 0.0 19.8 2.5 0.0 2.8 4.5        
124 200 4.6 58.1 0.0 22.3 0.0 0.0 2.7 5.5        
125 201 3.6 69.0 0.0 4.2 0.0 0.0 1.4 2.0        
1a 54 0.0 0.9 1.2 0.0 0.0 0.0 3.2 3.8         
2a 55 0.0 0.3 0.5 0.0 0.0 0.0 4.5 9.0         
3a 56 0.0 0.3 0.3 0.0 0.0 0.0 3.1 10.5         
11 127 2.6 34.1 2.1 16.9 3.6 0.0 1.6 2.7        
12 128 9.5 68.8 2.2 31.1 4.3 1.3 1.6 4.1        
16 105 
cd1 
1.6 1.3 0.0 0.0 0.0 0.0 1.0 0.2         
18 106 1.0 1.2 0.0 0.0 0.0 0.0 1.4 0.3        
19 117 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0        
21 118 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0        
21 172 0.6 0.5 0.0 0.6 0.0 0.0 0.4 0.0        
118 192 0.5 0.3 0.0 0.2 0.0 0.0 0.8 1.7        
119 194 0.7 0.5 0.0 2.3 0.0 0.0 0.0 0.0        
120 195 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0        
124 198 0.6 0.4 0.0 0.4 0.0 0.0 1.0 1.5        
17 120 
cd10 
1.9 1.7 0.0 0.7 0.6 0.0 0.6 0.4        
18 121 2.8 1.8 0.0 1.8 1.2 0.0 0.8 0.5        
19 123 1.4 2.0 0.0 2.4 1.2 0.0 0.9 0.4        
20 124 3.8 2.6 0.0 6.1 2.3 0.0 0.8 0.7        
40 183 0.0 0.0 0.0 0.7 2.4 0.0 2.8 5.1        
21 184 0.5 0.2 0.0 2.1 1.7 0.0 0.6 0.7        
20 185 1.9 1.6 0.0 5.8 2.3 0.0 0.5 0.8        
131 202 1.3 1.9 0.0 2.2 1.1 0.0 0.8 0.3        
21 125 1.8 1.7 0.0 3.2 1.7 0.2 1.0 0.8        
41 158 0.0 4.2 0.0 91.9 0.0 0.3 1.2 4.0              
13 130 
cd30 
2.0 3.0 0.0 13.0 3.0 0.5 0.0 0.6        
14 131 2.6 12.3 0.0 12.3 1.9 0.5 0.0 1.3        
15 132 3.2 22.0 0.0 11.7 1.6 0.5 0.0 1.8        
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17 135 2.9 3.1 0.0 12.1 2.9 0.4 1.2 0.9        
18 136 1.9 2.3 0.0 11.0 3.0 2.1 1.3 1.1        
19 138 129.4 109.3 0.0 4.3 0.0 0.0 1.2 2.9        
20 139 105.1 114.7 0.0 18.5 0.0 0.6 1.9 3.8        
21 140 26.5 39.1 0.0 23.0 0.0 0.6 2.1 7.4        
106 180 7.3 9.6 0.0 15.1 1.2 0.0 3.6 6.8        
107 191 27.9 70.2 0.0 95.0 2.3 0.0 5.3 12.2        
   fatty acids    
mouse GC-MS climate 27 31 33 36 37 40 41 42 45 47 48 49    
1 85 
wh1 
53.7 4.6 1.0 29.5 2.6 0.8 0.4 1.0 0.4 0.7 0.8 0.5    
4 86 2.1 1.1 0.5 6.4 2.2 0.6 0.4 1.0 0.6 1.1 2.4 0.8    
5 87 2.7 1.8 0.6 9.0 2.5 0.7 0.4 1.2 0.5 1.0 1.2 0.6    
6 88 4.1 1.7 0.5 6.1 1.5 0.4 0.3 0.7 0.4 0.9 1.3 0.4    
7 90 5.0 2.3 2.3 4.6 0.5 0.3 0.1 0.7 0.4 1.1 1.8 0.7    
8 91 6.9 3.1 1.9 8.2 0.8 0.4 0.1 0.6 0.5 1.2 1.9 0.9    
9 92 10.3 4.3 1.9 12.3 1.0 0.6 0.1 0.7 0.4 0.9 0.1 0.3    
10 113 1.2 0.0 0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.6 0.7 0.3    
11 114 1.3 0.3 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.6 0.6 1.6    
12 115 0.8 0.3 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.8 0.9 0.2    
4 96 
wh10 
1.0 1.2 2.4 8.6 11.6 1.4 33.1 0.9 0.4 0.0 1.5 0.5    
5 98 41.8 14.4 11.7 80.0 43.8 3.0 105.1 2.3 0.6 0.0 1.4 0.6    
7 100 1.2 0.0 0.3 3.1 1.4 0.6 2.9 0.4 0.4 0.6 0.7 0.3    
8 101 3.1 1.0 0.6 6.9 2.2 0.7 4.2 0.7 0.4 0.9 0.6 0.2    
9 102 2.8 1.5 1.0 16.2 3.8 1.0 5.6 1.1 0.5 1.0 1.2 0.5    
6 104 43.7 16.7 13.6 107.0 54.4 5.9 0.0 2.8 0.5 1.4 1.6 0.9    
2 110 203.0 56.9 4.7 188.4 12.4 3.9 0.9 3.8 1.2 0.9 1.1 0.4    
3 111 147.3 48.0 4.5 210.6 15.3 5.2 0.6 2.6 0.5 0.7 1.1 0.5    
100 188 10.5 1.0 1.1 2.1 1.1 9.2 0.0 0.0 0.0 3.7 0.0 0.0    
101 189 13.0 0.8 1.7 2.4 0.5 8.0 0.0 0.0 0.0 3.4 0.0 0.0    
29 155 
wh30 
3.8 4.6 1.8 73.3 12.0 1.0 0.9 1.4 0.5 1.9 2.9 0.6    
36 186 0.0 0.0 0.0 71.7 0.0 2.8 0.1 2.0 0.0 0.0 0.0 0.0    
123 193 0.0 0.0 0.0 118.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0    
124 200 3.0 4.1 0.0 144.7 0.0 1.3 0.8 0.0 0.0 0.0 0.0 0.0    
125 201 24.1 37.5 34.8 859.2 120.9 22.0 1.1 0.0 0.0 0.0 0.0 0.0    
1a 54 7.1 10.1 6.2 10.2 28.4 16.4 33.9 5.9 1.1 2.3 1.4 0.7    
2a 55 8.8 15.7 18.9 50.3 86.2 33.1 49.9 6.8 1.7 2.4 1.5 0.7    
3a 56 18.8 18.8 32.4 354.4 204.7 29.0 203.5 3.3 2.1 3.2 0.0 0.0    
11 127 1.9 0.0 0.9 1.5 1.2 0.7 0.0 0.4 0.4 0.9 0.5 0.2    
12 128 3.0 3.0 1.9 31.1 7.6 2.2 0.0 1.4 0.4 1.2 0.6 0.3    
16 105 
cd1 
1.0 0.0 0.0 1.1 0.0 0.0 1.1 0.0 0.4 0.3 0.3 0.0    
18 106 0.6 0.0 0.0 0.8 0.0 0.0 0.4 0.0 0.4 0.4 0.4 0.0    
19 117 0.3 0.1 0.0 2.0 0.0 0.0 0.0 2.6 0.0 0.6 0.9 0.4    
21 118 0.8 0.1 0.0 0.6 0.0 0.0 0.0 0.5 0.0 0.7 0.9 0.4    
21 172 0.8 0.1 0.0 0.6 0.0 0.0 0.0 0.5 0.0 0.7 0.9 0.4    
118 192 0.1 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0    
119 194 0.6 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0    
120 195 0.3 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0    
124 198 0.1 0.0 0.0 0.4 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0    
17 120 
cd10 
0.0 0.0 0.0 0.1 0.3 0.0 0.0 0.0 0.0 0.2 0.0 0.0    
18 121 0.0 0.0 0.0 0.5 0.5 0.0 0.0 0.0 0.0 0.3 0.0 0.0    
19 123 0.0 0.0 0.5 0.1 0.2 0.0 0.0 0.0 0.0 0.3 0.3 0.2    
20 124 0.0 0.0 0.4 0.8 0.6 0.0 0.0 0.0 0.0 0.4 0.3 0.3    
40 183 0.0 0.0 0.3 0.0 2.4 0.0 14.5 4.3 0.2 0.0 0.6 0.0    
21 184 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.7 0.2 0.0 0.8 1.0    
20 185 0.0 0.0 0.0 0.0 0.1 0.0 0.0 1.5 0.1 0.0 0.4 0.0    
131 202 0.0 0.0 0.5 0.1 0.2 0.0 0.0 0.0 0.0 0.3 0.3 0.2    
21 125 0.0 0.6 0.2 5.0 1.1 0.6 0.0 0.3 0.3 0.6 0.8 0.4    
41 158 2.1 2.1 0.7 18.5 2.4 0.5 0.0 1.0 0.3 0.7 1.6 0.6    





0.0 0.0 0.1 0.6 0.1 0.1 0.0 0.2 0.2 0.6 0.5 0.3    
14 131 0.0 0.0 0.1 3.1 0.4 0.3 0.3 1.1 0.3 0.9 1.0 0.4    
15 132 0.0 0.0 0.1 2.7 0.6 0.3 0.3 1.0 0.2 0.7 0.6 0.2    
17 135 0.0 0.4 0.2 5.4 0.4 0.2 0.4 0.6 0.0 0.7 0.4 0.5    
18 136 0.0 1.1 0.4 12.8 0.8 0.6 0.6 2.0 0.0 1.0 0.7 0.4    
19 138 0.0 0.7 0.4 35.9 1.8 0.3 0.0 0.8 0.5 1.2 1.4 0.5    
20 139 7.3 3.5 2.1 194.1 6.3 1.3 0.0 1.8 0.5 0.8 0.5 0.2    
21 140 19.4 11.7 3.9 290.0 10.5 3.3 0.0 6.9 0.5 1.4 0.7 0.3    
106 180 0.0 0.0 1.8 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.2 0.0    
107 191 0.0 0.0 6.4 0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.5 0.0    
   esters 
mouse GC-MS climate 1 2 5 13 14 21 16 6 15 17 11 24 25 34 35 
1 85 
wh1 
0.8 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 86 0.7 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5 87 1.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6 88 0.6 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 90 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 91 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9 92 0.4 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
10 113 4.6 0.4 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
11 114 2.9 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
12 115 2.6 0.5 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 96 
wh10 
17.3 3.4 2.4 0.5 0.2 0.0 0.3 0.9 0.9 2.8 61.7 1.2 0.0 0.1 1.1 
5 98 10.9 1.2 1.9 0.6 0.2 0.0 0.4 0.7 0.8 0.9 19.6 0.3 0.0 0.1 1.5 
7 100 10.5 0.4 0.1 0.3 0.1 0.0 0.3 0.4 0.3 0.0 0.5 0.3 0.3 0.1 0.7 
8 101 9.9 0.3 1.4 0.3 0.5 0.2 0.4 0.3 0.5 0.3 0.4 0.1 0.2 0.1 0.9 
9 102 16.2 0.4 1.4 0.3 0.3 0.1 0.2 0.5 0.4 0.3 0.5 0.2 0.2 0.0 0.9 
6 104 11.7 1.2 1.9 0.6 0.2 0.1 0.5 0.8 0.8 1.0 19.4 0.3 0.4 0.4 1.8 
2 110 13.7 0.3 3.2 1.0 0.2 0.1 1.1 0.4 1.0 0.4 0.6 0.1 0.4 0.5 2.2 
3 111 31.4 5.0 13.8 1.1 0.2 0.1 2.5 0.6 0.5 2.9 0.8 0.1 0.0 0.5 1.4 
100 188 7.0 2.2 4.0 0.0 0.6 0.0 6.2 1.2 0.0 0.0 24.7 6.2 0.2 0.0 7.4 
101 189 15.1 2.5 6.4 0.0 0.6 0.0 9.8 1.5 0.0 0.0 27.0 6.4 0.2 0.0 6.2 
29 155 
wh30 
2.0 0.4 2.6 30.4 0.5 0.0 4.8 0.0 0.5 0.0 0.0 0.4 0.6 0.0 0.0 
36 186 1.4 0.1 1.3 13.6 0.0 0.0 2.5 0.0 1.1 0.0 0.0 0.3 0.4 0.0 1.5 
123 193 8.2 0.0 3.0 0.0 0.0 0.0 2.0 0.0 0.6 0.0 0.0 0.7 0.2 0.0 0.0 
124 200 9.2 0.0 3.2 0.0 0.0 0.0 2.1 0.0 0.6 0.0 0.0 0.7 0.2 0.0 2.5 
125 201 16.5 1.0 6.4 4.4 0.0 0.0 27.4 1.6 0.0 0.0 7.8 2.3 0.2 0.0 2.2 
1a 54 0.1 0.1 0.0 0.7 0.0 0.0 1.0 0.0 0.9 0.0 0.9 1.7 0.0 0.0 0.0 
2a 55 0.1 0.3 0.0 0.1 0.0 0.0 0.7 0.0 9.8 0.0 5.8 1.6 0.0 0.0 0.0 
3a 56 0.0 0.0 0.0 0.2 0.0 0.0 1.4 0.3 6.3 0.0 6.8 5.0 0.0 0.0 0.0 
11 127 2.7 0.0 1.2 0.0 0.0 0.0 0.7 0.0 0.8 0.0 0.0 0.0 0.0 0.0 2.4 
12 128 8.1 0.0 1.4 0.0 0.0 0.0 0.9 0.0 1.2 0.0 0.0 0.0 0.0 0.0 2.4 
16 105 
cd1 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
18 106 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
19 117 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
21 118 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
21 172 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
118 192 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
119 194 0.0 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
120 195 10.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
124 198 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17 120 
cd10 
0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.4 
18 121 2.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.4 
19 123 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.3 
20 124 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.6 
40 183 0.0 0.0 2.2 0.3 0.0 0.0 0.0 3.8 0.4 0.0 0.0 0.0 0.3 0.0 0.4 
21 184 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
20 185 0.6 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
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131 202 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.3 
21 125 1.5 0.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.6 
41 158 0.1 0.1 0.0 2.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.2 0.0 0.9 
13 130 
cd30 
1.3 0.4 0.7 0.3 0.0 0.0 0.1 0.1 0.2 0.0 0.0 0.0 0.5 0.1 0.8 
14 131 3.9 0.3 0.7 0.2 0.0 0.0 0.1 0.2 1.0 0.0 0.0 0.0 0.8 0.0 0.6 
15 132 5.8 0.3 0.7 0.2 0.0 0.0 0.1 0.3 1.9 0.0 0.0 0.0 1.5 0.0 1.0 
17 135 4.5 0.5 0.7 0.0 0.0 0.0 0.2 0.3 0.4 1.0 0.0 0.0 0.0 0.0 2.0 
18 136 1.6 0.6 0.6 0.0 0.0 0.0 0.2 0.1 0.3 0.7 0.0 0.0 0.0 0.0 1.4 
19 138 53.2 1.3 3.9 24.6 0.4 0.0 5.5 0.4 0.6 0.5 0.4 0.0 0.4 0.0 2.8 
20 139 49.3 0.0 4.8 23.7 1.0 0.0 5.4 0.5 1.3 0.6 0.4 0.0 0.8 0.0 4.7 
21 140 14.5 0.0 1.6 7.0 0.7 0.0 1.8 0.3 0.7 0.6 0.3 0.0 0.5 0.0 6.7 
106 180 2.8 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 2.9 
107 191 17.6 0.5 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0 6.0 
   sulphides            
mouse GC-MS climate 3 23 39 38            
1 85 
wh1 
1.0 8.7 2.4 0.0            
4 86 1.3 7.3 3.7 0.0            
5 87 1.1 5.7 4.2 0.0            
6 88 2.5 6.3 3.1 0.0            
7 90 0.9 4.5 0.9 0.0            
8 91 0.6 2.8 1.3 0.0            
9 92 0.4 1.9 1.2 0.0            
10 113 6.5 3.0 0.0 0.0            
11 114 7.5 5.5 0.0 0.0            
12 115 6.2 4.9 0.0 0.0            
4 96 
wh10 
83.0 170.8 52.4 0.8            
5 98 16.2 76.5 69.7 1.0            
7 100 16.0 12.9 12.6 0.3            
8 101 7.2 7.0 5.9 0.4            
9 102 14.0 17.3 25.8 0.4            
6 104 15.2 81.7 80.8 1.2            
2 110 18.2 42.5 13.3 4.1            
3 111 340.5 218.5 46.9 1.4            
100 188 39.5 125.6 17.2 7.7            
101 189 101.3 216.7 18.8 11.1            
29 155 
wh30 
2.0 6.0 1.5 7.9            
36 186 0.2 1.8 0.0 10.9            
123 193 0.0 0.0 0.0 3.2            
124 200 0.0 0.0 0.0 2.5            
125 201 0.0 0.0 0.0 2.9            
1a 54 0.0 3.2 0.0 4.1            
2a 55 0.0 0.7 0.0 5.5            
3a 56 0.0 0.6 0.0 4.7            
11 127 1.5 2.3 0.3 1.4            
12 128 3.9 3.6 0.3 1.2            
16 105 
cd1 
3.1 1.6 0.0 0.0            
18 106 0.9 1.7 0.0 0.0            
19 117 0.2 0.9 0.0 0.0            
21 118 0.5 1.8 0.0 0.0            
21 172 0.5 1.8 0.0 0.0            
118 192 0.3 2.9 0.0 0.0            
119 194 0.7 4.8 0.0 0.0            
120 195 0.2 1.8 0.0 0.0            
124 198 0.2 1.2 0.0 0.0            
17 120 
cd10 
0.0 0.2 0.0 0.0            
18 121 0.0 0.1 0.0 0.0            
19 123 0.0 0.2 0.0 0.0            
20 124 0.0 0.2 0.0 0.0            
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40 183 0.0 0.0 0.0 0.0            
21 184 0.0 0.0 0.0 0.0            
20 185 0.0 0.0 0.0 0.0            
131 202 0.0 0.2 0.0 0.0            
21 125 0.1 0.2 0.5 0.1            
41 158 0.2 0.8 0.0 1.4            
13 130 
cd30 
0.1 0.2 0.2 0.2            
14 131 0.7 0.5 0.7 0.2            
15 132 0.8 0.5 0.7 0.3            
17 135 0.1 0.2 0.2 0.0            
18 136 0.1 0.1 3.3 0.2            
19 138 4.5 1.6 0.0 1.9            
20 139 2.2 2.2 0.3 2.5            
21 140 0.9 0.8 0.3 1.9            
106 180 0.1 0.0 0.0 12.3            
 191 1.3 0.0 0.0 35.2            
   aldehydes            
mouse GC-MS climate 4 19 30 9            
1 85 
wh1 
0.2 0.0 0.5 0.0            
4 86 0.2 0.0 0.8 0.0            
5 87 0.3 0.0 0.7 0.0            
6 88 0.4 0.0 0.5 0.0            
7 90 0.1 0.0 0.5 0.0            
8 91 0.3 0.0 0.4 0.0            
9 92 0.3 0.0 0.3 0.0            
10 113 0.8 0.0 0.7 0.0            
11 114 0.1 0.0 0.7 0.0            
12 115 0.1 0.0 0.8 0.0            
4 96 
wh10 
0.8 0.0 0.9 0.3            
5 98 0.6 0.0 1.0 0.3            
7 100 1.6 0.0 0.5 0.1            
8 101 5.5 0.0 0.9 0.3            
9 102 2.3 0.0 0.6 0.5            
6 104 0.7 0.0 1.0 0.3            
2 110 0.4 0.0 0.4 0.1            
3 111 1.2 0.0 0.3 0.2            
100 188 9.6 0.0 11.4 0.0            
101 189 0.0 0.0 14.7 0.0            
29 155 
wh30 
0.0 0.3 0.6 0.0            
36 186 0.0 0.0 0.9 0.0            
123 193 2.9 0.0 4.7 0.0            
124 200 3.6 0.0 4.6 0.0            
125 201 0.5 0.0 5.9 0.0            
1a 54 0.0 0.1 2.7 0.0            
2a 55 0.0 0.6 5.7 0.0            
3a 56 0.0 0.9 5.5 0.0            
11 127 11.5 0.7 2.7 0.6            
12 128 12.1 0.5 3.9 0.5            
16 105 
cd1 
0.0 0.0 0.0 0.0            
18 106 0.0 0.0 0.0 0.0            
19 117 0.0 0.0 0.0 0.0            
21 118 0.0 0.0 0.0 0.0            
21 172 0.0 0.0 0.0 0.0            
118 192 0.1 0.0 0.0 0.0            
119 194 0.2 0.0 0.0 0.0            
120 195 0.0 0.0 0.0 0.0            
124 198 0.2 0.0 0.0 0.0            
17 120 cd10 0.5 0.0 0.2 0.9            
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18 121 0.6 0.0 0.2 0.5            
19 123 0.4 0.0 0.0 0.0            
20 124 1.3 0.0 0.0 0.1            
40 183 0.0 1.6 0.0 0.0            
21 184 0.1 0.2 0.0 0.0            
20 185 0.7 0.3 0.0 0.0            
131 202 0.4 0.0 0.0 0.0            
21 125 0.6 0.3 0.0 0.0            
41 158 3.8 0.0 1.8 16.3            
13 130 
cd30 
13.8 0.7 3.0 0.6            
14 131 7.5 0.5 3.2 0.4            
15 132 4.4 0.4 3.4 0.3            
17 135 25.4 0.5 3.7 0.6            
18 136 14.2 0.4 5.1 0.4            
19 138 0.5 0.4 0.4 0.2            
20 139 12.1 0.7 2.9 0.5            
21 140 12.4 0.6 8.5 0.5            
106 180 2.6 0.0 19.0 0.0            
107 191 15.9 0.0 46.8 0.0            
   cyclic compounds         
mouse GC-MS climate 46 50 26 29 7 10 18         
1 85 
wh1 
0.5 0.3 0.0 0.0 0.0 0.0 0.4         
4 86 0.4 0.4 0.0 0.0 0.0 0.0 2.8         
5 87 0.3 0.2 0.0 0.0 0.0 0.0 2.7         
6 88 0.2 0.0 0.0 0.0 0.0 0.0 1.8         
7 90 0.3 0.2 0.0 0.0 0.0 0.0 2.3         
8 91 0.2 0.0 0.0 0.0 0.0 0.0 1.8         
9 92 0.3 0.3 0.0 0.0 0.0 0.0 2.3         
10 113 0.0 0.0 0.0 0.0 0.0 0.0 11.7         
11 114 0.0 0.0 0.0 0.0 0.0 0.0 14.7         
12 115 0.0 0.0 0.0 0.0 0.0 0.0 8.3         
4 96 
wh10 
0.0 20.8 0.0 0.2 1.3 0.0 29.3         
5 98 0.0 6.3 0.0 0.5 0.6 0.0 34.4         
7 100 1.0 2.0 0.3 0.1 0.6 0.0 13.1         
8 101 1.3 2.5 0.3 0.3 0.4 0.0 9.6         
9 102 1.3 1.6 0.3 0.1 0.5 0.0 26.6         
6 104 3.9 8.6 0.6 0.3 0.5 0.0 40.9         
2 110 2.4 2.0 2.2 1.4 0.6 0.0 50.4         
3 111 4.4 1.3 17.4 1.1 3.1 0.0 50.2         
100 188 2.6 1.9 2.6 0.0 0.6 0.0 39.7         
101 189 21.2 24.0 2.9 0.0 0.2 0.0 45.3         
29 155 
wh30 
4.4 1.0 0.6 0.0 0.0 16.7 19.3         
36 186 5.5 1.3 0.9 0.0 0.0 0.0 7.5         
123 193 2.7 12.3 0.2 0.0 0.7 0.6 1.5         
124 200 6.0 2.3 0.0 0.0 1.0 0.7 1.8         
125 201 4.3 2.1 0.0 0.0 1.7 0.0 2.5         
1a 54 8.9 6.2 0.1 0.4 1.8 0.8 0.0         
2a 55 59.0 11.3 0.2 4.3 1.0 0.4 0.0         
3a 56 88.1 32.5 0.3 4.7 0.7 0.7 0.1         
11 127 7.0 1.0 0.6 0.4 0.7 0.9 14.5         
12 128 12.7 1.5 0.6 0.5 0.4 0.9 17.4         
16 105 
wh1 
0.3 0.1 0.0 0.0 0.5 0.0 0.5         
18 106 0.3 0.1 0.0 0.0 0.3 0.0 0.4         
19 117 0.6 0.7 0.2 0.0 0.0 0.0 0.0         
21 118 0.3 0.3 0.1 0.0 0.0 0.0 0.0         
21 172 0.3 0.3 0.1 0.0 0.2 0.0 0.2         
118 192 0.4 0.0 0.0 0.0 0.4 0.0 0.0         
119 194 0.0 0.0 0.0 0.0 0.1 0.0 0.0         
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120 195 0.0 0.0 0.0 0.0 0.9 0.0 0.0         
124 198 0.2 0.0 0.0 0.0 0.8 0.0 0.0         
17 120 
cd10 
0.3 0.3 0.0 0.0 0.2 0.0 1.2         
18 121 0.3 0.5 0.0 0.0 0.2 0.0 0.8         
19 123 0.1 0.2 0.0 0.0 0.2 0.0 1.0         
20 124 0.2 0.4 0.0 0.0 0.2 0.0 1.8         
40 183 2.4 3.8 1.0 0.0 0.0 0.0 0.0         
21 184 0.4 0.5 0.0 0.0 0.0 0.0 0.2         
20 185 0.4 0.3 0.0 0.0 0.0 0.0 1.4         
131 202 0.1 0.2 0.0 0.0 0.2 0.0 0.9         
21 125 0.5 0.6 0.0 0.0 0.2 0.0 1.3         
41 158 17.4 0.4 0.0 0.0 0.0 0.0 14.8         
13 130 
cd30 
0.2 0.2 0.0 0.0 0.6 0.3 2.8         
14 131 0.3 0.2 0.0 0.0 0.3 0.2 2.1         
15 132 0.4 0.2 0.0 0.0 0.3 0.2 3.5         
17 135 0.2 0.2 0.0 0.0 0.6 0.0 12.7         
18 136 1.0 0.4 0.0 0.0 0.2 0.0 4.3         
19 138 0.3 0.2 0.0 0.0 0.2 0.6 2.0         
20 139 1.0 0.0 0.0 0.0 0.6 0.4 16.4         
21 140 2.9 1.2 0.0 0.0 0.2 0.2 21.3         
106 180 1.4 0.4 0.0 0.0 2.0 2.3 16.9         
107 191 4.6 0.8 0.0 0.0 4.5 10.4 158.2         
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4: A: S-plot. B: Loading column plot of the predictive component with 95% jack-knifed confidence 
intervals 
 







































           Appendix 
 




1 d 10 d 30 d 
 n 1 2 3 4 1 2 3 4 1 2 3 4 
1 10 170 0 0 14 37 50 77 12 66 95 7 
2 26 41 8 105 63 33 14 70 173 0 0 7 
3 38 21 10 111 24 25 50 75 9 0 37 134 
4 0 180 0 0 83 10 5 80 26 27 66 42 
5 90 14 12 64 22 30 47 81 0 4 27 149 
6 0 0 150 0 33 44 42 61 32 2 75 71 
7 65 17 49 49 13 36 21 109 8 3 42 127 
8 56 58 22 44 0 138 38 4 0 0 0 180 
9 51 54 27 48 9 22 78 71 113 0 3 64 
10 0 0 9 171 33 48 44 55 46 5 2 127 
11 0 99 60 21 18 9 95 58 46 15 56 63 
12 87 17 2 74 4 0 169 7 0 0 179 1 
13 59 42 18 61 0 56 91 33 86 0 74 20 
14 48 0 0 132 0 0 127 53 55 30 29 66 
15 21 1 43 115 0 0 178 0 39 14 0 127 
16 11 14 22 133 19 82 52 27 95 50 23 12 
17 0 122 39 7 0 76 85 17 74 41 44 21 
18 73 42 6 59 13 44 87 36 6 8 113 53 
19 30 49 20 81 3 57 106 14 120 11 8 41 
20 30 14 7 129 70 89 6 15 95 16 20 49 
wh             




5: Original data: flies’ (unmated females, mated females, males) mean time spent on the mouse carcasses of the 
climate regimes warm/humid (wh, 20°C, 80-90 % RH) and cold/dry (cd, 12 °C, 40-60 % RH) for 1, 10 and 30 days. 
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1 d 10 d 30 d 
n  1 2 3 4 1 2 3 4 1 2 3 4 
1 42 126 6 6 28 15 5 111 180 0 0 0 
2 0 114 66 0 0 0 0 179 71 0 52 55 
3 179 0 0 0 0 0 0 179 2 87 63 28 
4 16 6 7 149 0 0 0 179 12 75 89 4 
5 0 100 80 0 0 0 0 177 39 30 0 111 
6 5 0 53 121 3 2 4 170 14 89 45 20 
7 56 124 0 0 160 0 0 19 11 77 54 38 
8 39 0 10 130 7 56 44 72 105 34 22 19 
9 0 2 172 4 29 2 17 131.5 0 22 49 103 
10 0 0 0 179 71 4 13 91.5 21 50 34 75 
11 0 0 4 175 0 0 160 20 0 180 0 0 
12 180 0 0 0 0 95 51 34 0 39 141 0 
13 130 30 8 11 0 42 138 0 0 0 0 180 
14 61 7 12 100 48 40 51 41 0 0 0 180 
15 47 0 0 133 14 19 83 64 70 5 51 52 
16 0 0 0 180 0 0 114 66 56 0 68 56 
17 0 0 0 180 155 0 12 13 25 143 0 12 
18 0 0 0 180 11 0 104 65 90 0 0 79 
19 31 0 0 149 27 153 0 0 72 0 0 108 
20 0 0 0 180 160 20 0 0 0 0 41 139 
wh             
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1 d 10 d 30 d 
n  1 2 3 4 1 2 3 4 1 2 3 4 
1 64 29 19 64 48 9 30 92 27 17 102 33 
2 99 30 12 38 69 37 40 33 23 53 62 42 
3 0 18 0 150 180 0 0 0 5 39 85 41 
4 42 42 31 64 0 28 0 151 0 0 180 0 
5 179 0 0 0 117 62 0 0 35 36 72 37 
6 109 0 0 70 0 0 179 0 54 101 25 0 
7 61 66 26 27 0 172 0 6 0 180 0 0 
8 34 44 51 38 151 28 0 0 42 130 0 8 
9 0 0 0 180 155 0 0 24 84 71 0 25 
10 179 0 0 0 24 40 99 12 107 6 25 42 
11 29 31 21 99 38 35 18 87 16 8 12 144 
12 2 74 88 16 45 30 45 58 180 0 0 0 
13 0 0 179 1 0 0 97 79 30 0 0 150 
14 37 85 55 3 8 36 56 79 0 0 4 176 
15 10 44 102 22 40 2 3 135 28 23 55 74 
16 52 44 64 20 0 0 0 180 0 105 50 25 
17 23 39 83 35 0 180 0 0 0 164 6 10 
18 12 19 14 135 125 6 4 45 0 0 54 120 
19 7 135 17 21 12 59 96 13 54 76 33 17 
20 6 0 16 158 15 26 127 12 8 2 158 12 
wh             
male             
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1 d 10 d 30 d 
n  1 2 3 4 1 2 3 4 1 2 3 4 
1 40 62 53 24 30 11 12 126 27 60 52 41 
2 33 23 34 68 9 119 43 9 100 35 29 16 
3 0 0 0 180 0 120 59 0 35 53 66 26 
4 42 0 37 100 16 2 1 161 22 52 16 90 
5 62 43 65 9 45 7 11 117 22 3 25 130 
6 38 0 0 142 15 5 6 154 128 32 20 0 
7 180 0 0 0 0 0 30 150 2 12 148 18 
8 64 19 7 90 65 25 42 48 0 0 103 77 
9 164 16 0 0 42 69 46 23 14 20 25 121 
10 0 129 12 39 50 47 31 50 38 3 4 135 
11 17 0 29 94 60 18 72 30 6 54 27 93 
12 38 0 23 119 83 38 39 20 80 20 0 80 
13 48 50 29 53 53 12 20 95 0 0 0 180 
14 133 0 0 47 13 0 63 104 0 0 180 0 
15 7 0 0 173 33 12 56 79 35 11 11 122 
16 56 9 22 93 49 50 16 65 0 2 1 177 
17 62 10 65 43 35 15 50 80 0 0 0 180 
18 150 0 0 30 26 35 35 84 0 0 97 81 
19 65 14 12 89 180 0 0 0 66 36 12 66 
20 18 13 124 25 50 7 105 17 180 0 0 0 
cd             
unmated             
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1 d 10 d 30 d 
n  1 2 3 4 1 2 3 4 1 2 3 4 
1 48 18 18 69 6 4 1 168 32 22 31 94 
2 0 0 0 179 2 0 0 177 5 42 0 133 
3 106 5 9 40 0 32 84 63 0 0 0 179 
4 79 1 5 94 73 0 90 17 135 0 0 45 
5 22 0 47 111 7 1 0 172 0 0 9 171 
6 4 1 8 166 0 0 2 178 0 26 112 42 
7 23 21 84 50 1 0 1 178 10 0 72 98 
8 0 0 0 179 0 0 109 70 103 46 7 24 
9 36 0 38 106 9 8 3 160 18 18 29 114 
10 37 0 11 132 23 16 23 117 0 0 0 180 
11 0 0 2 178 11 34 32 102 0 0 0 180 
12 0 0 0 180 6 2 2 169 18 43 0 119 
13 0 0 0 180 11 0 0 168 0 0 0 180 
14 180 0 0 0 40 103 8 29 109 47 5 19 
15 78 3 13 86 80 15 0 85 30 23 0 127 
16 0 0 180 0 0 0 0 180 0 4 6 170 
17 0 0 0 180 0 0 0 180 16 4 7 153 
18 90 33 15 42 0 0 37 143 52 38 2 78 
19 11 76 2 91 27 83 18 52 0 0 0 180 
20 1 1 10 168 0 0 0 180 0 0 0 180 
cd             
mated             
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1 d 10 d 30 d 
 n 1 2 3 4 1 2 3 4 1 2 3 4 
1 15 24 0 133 90 0 0 89 64 17 21 76 
2 8 0 111 51 0 10 7 152 26 20 30 67 
3 64 0 0 110 43 41 76 20 0 0 0 180 
4 42 8 33 96 37 94 26 23 0 0 18 162 
5 11 11 9 91 14 106 16 44 0 0 180 0 
6 19 5 1 122 178 0 0 2 0 0 180 0 
7 0 164 2 0 79 1 12 87 97 10 32 41 
8 143 13 0 20 36 2 0 142 19 18 97 46 
9 48 20 15 97 0 111 63 0 0 3 47 130 
10 7 35 52 85 3 3 0 174 25 52 61 42 
11 57 18 51 53 2 148 10 20 50 14 49 25 
12 107 40 0 13 0 0 179 0 0 0 180 0 
13 4 0 110 50 40 8 61 71 0 0 180 0 
14 82 4 10 84 99 79 0 2 167 0 0 13 
15 28 57 28 67 0 0 0 180 144 28 0 8 
16 0 0 180 0 6 14 104 28 62 113 5 0 
17 0 0 2 178 0 0 0 180 18 47 0 115 
18 60 37 2 80 0 0 110 70 0 0 0 180 
19 41 32 0 107 26 0 57 97 25 52 103 0 
20 77 31 10 62 108 4 16 52 93 37 19 29 
cd             
male             
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6:	  Original data: mean time spent on cd10- mouse carcass of 1, 3, 7, and 10-day-old flies flies with and without protein nutrition	  
mated without protein       
age 1d 3d 
n field 1 field 2 filed 3 field4 field 1 field 2 filed 3 field4 
1 43.552 49.982 53.397 32.057 19.839 82.828 34.711 39.857 
2 19.067 25.507 44.815 88.577 32.166 0 76.551 70.07 
3 15.884 19.287 71.502 69.24 1.132 73.877 33.588 70.401 
4 40.399 20.109 13.418 104.51 8.311 1.212 74.948 93.645 
5 56.421 97.119 0 25.758 27.179 0 48.601 102.666 
6 97.079 34.43 15.042 29.132 7.302 31.014 80.365 60.376 
7 91.743 11.416 28.542 46.355 26.739 28.19 53.838 70.27 
8 40.167 26.048 75.158 37.725 34.33 16.614 12.147 115.566 
9 9.073 75.26 90.94 3.484 44.834 20.61 70.091 43.142 
10 23.233 14.791 42.984 97.649 44.314 20.74 64.394 48.849 
11 43.943 14.992 24.484 94.517 45.776 25.195 54.559 38.245 
12 20.379 77.791 47 34.208 9.423 0 21.332 148.283 
13 69.25 3.315 35.259 71.794 68.509 59.545 21.38 26.088 
14 10.455 47.378 48 73.025 32.266 5.037 37.174 104.6 
15 8.402 9.043 88.916 72.125 22.092 7.521 28.841 120.493 
16 30.374 72.934 35.713 39.836 76.56 23.935 32.787 45.906 
17 52.545 54.83 34.678 36.964 29.502 0 16.032 133.704 
18 36.842 65.154 40.97 35.942 33.038 34.348 69.73 41.911 
19 72.384 60.437 31.155 15.242 16.024 0 34.009 129.305 
20 60.556 29.031 59.136 30.365 28.75 28.582 94.095 28.302 
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unmated without protein       
age 1d 3d 
n field 1 field 2 filed 3 field4 field 1 field 2 filed 3 field4 
1 19.857 39.497 99.485 18.256 68.179 16.664 63.772 27.678 
2 39.737 56.892 51.895 30.223 40.72 41.899 42.142 51.513 
3 0 56.21 90.21 32.748 37.535 9.506 55.206 77.141 
4 12.028 101.586 61.737 3.776 21.762 0 48.579 108.336 
5 2.133 40.006 71.741 64.546 51.184 49.611 24.215 53.987 
6 38.445 45.716 11.887 83.67 43.832 0 63.161 72.064 
7 61.65 109.567 0 7.47 18.174 40.93 55.479 64.765 
8 81.797 35.933 8.371 53.257 73.988 20.509 51.813 32.187 
9 54.729 40.439 25.638 58.152 76.321 14.572 40.357 47.137 
10 97.952 25.757 2.624 52.765 58.614 8.401 38.346 73.726 
11 99.553 54.318 15.042 9.804 41.901 0 12.738 123.728 
12 44.321 43.784 57.534 33.288 58.374 23.744 36.512 60.257 
13 60.088 11.186 26.077 80.875 26.94 9.272 59.225 83.711 
14 55.17 40.999 37.042 45.336 44.371 18.837 16.183 98.835 
15 2.243 116.929 60.246 0 23.154 0 3.977 152.137 
16 52.827 41.769 29.083 55.429 44.044 0 23.233 110.719 
17 104.43 17.936 20.589 36.063 22.201 59.386 49.942 46.907 
18 81.077 11.887 15.813 70.141 60.707 7.35 23.174 88.116 
19 79.804 36.072 23.283 38.867 38.203 22.383 0 117.42 
20 46.997 57.754 54.918 15.914 24.736 36.071 26.669 91.341 
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unmated without protein       
age 7d       10d       
n field 1 field 2 filed 3 field4 field 1 field 2 filed 3 field4 
1 27.8 3.034 10.656 137.057 61.809 52.736 43.081 21.021 
2 45.826 32.566 46.367 54.959 82.839 9.484 31.214 55.31 
3 14.942 41.749 0 121.816 13.419 11.767 15.273 138.388 
4 53.047 4.255 2.013 119.372 21.681 42.992 62.92 51.494 
5 43.171 0.541 9.553 124.851 43.623 54.929 31.175 49.521 
6 73.927 0 8.452 96.398 22.593 0 32.198 124.297 
7 47.068 18.727 7.33 105.712 67.908 26.266 35.151 47.499 
8 22.173 35.379 30.102 89.671 15.623 64.072 55.52 43.723 
9 34.621 19.148 9.133 115.495 51.885 0 23.964 103.379 
10 74.177 10.715 9.845 84.972 10.034 0 17.504 150.508 
11 57.062 4.947 18.938 97.54 6.89 0.671 28.54 142.926 
12 65.996 19.458 4.937 88.566 38.424 0 25.928 114.305 
13 0 0 31.345 146.54 20.359 6.86 80.236 70.261 
14 26.459 5.768 39.207 107.432 20.609 34.179 81.556 42.143 
15 32.517 1.001 36.443 108.606 11.526 12.688 3.525 151.048 
16 8.281 0 16.664 153.853 50.142 20.53 45.995 61.549 
17 2.103 0 62.57 114.134 48.609 7.22 37.455 83.08 
18 15.933 1.042 54.57 104.618 67.878 11.106 43.521 56.712 
19 4.105 11.536 80.088 82.718 67.096 11.857 38.135 59.717 
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mated with protein       
 age 1d 3d 
n field 1 field 2 filed 3 field4 field 1 field 2 filed 3 field4 
1 30.103 15.492 60.578 72.034 27.919 69.641 53.018 28.18 
2 11.897 44.553 45.205 77.172 27.439 5.819 57.512 87.987 
3 33.205 46.812 65.497 32.569 14.461 86.223 44.855 32.817 
4 73.775 56.941 38.486 9.435 11.999 11.056 48.55 107.292 
5 56.603 53.717 15.902 52.145 4.006 74.428 31.915 68.078 
6 78.795 36.883 20.8 42.52 34.219 9.744 32.077 101.876 
7 63.613 75.179 12.838 27.297 50.894 17.264 21.101 88.908 
8 50.363 2.904 51.375 74.355 10.854 1.953 28.491 137.75 
9 67.927 0 0 96.319 32.447 10.766 8.072 127.763 
10 53.809 20.338 7.131 97.369 28.461 18.406 103.9 28.32 
11 63.852 48 49.87 17.466 58.073 21.64 25.055 74.55 
12 47.257 27.42 25.327 79.524 31.285 7.111 17.455 122.946 
13 70.204 70.829 22.773 15.202 77.202 0.802 52.362 48.231 
14 58.084 19.909 44.434 56.33 38.696 4.366 17.035 119.331 
15 39.897 14.11 57.621 67.058 9.744 10.345 20.318 138.65 
16 53.857 63.983 36.951 24.156 87.093 1.973 33.137 56.774 
17 8.172 120.252 41.52 9.163 24.825 0 0.45 153.702 
18 1.933 23.083 91.712 61.688 1.833 3.936 48.78 123.297 
19 46.106 44.894 45.205 40.85 29.454 8.633 29.293 111.547 
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 mated with protein      
 age 7d       10d       
n field 1 field 2 filed 3 field4 field 1 field 2 filed 3 field4 
1 17.365 3.184 18.315 139.291 45.716 15.192 59.546 58.564 
2 65.252 18.237 24.405 71.174 9.863 4.176 61.589 103.31 
3 19.128 13.148 55.52 90.169 34.549 9.785 15.542 119.141 
4 42.302 25.657 22.682 88.346 40.158 10.865 30.123 97.672 
5 21.122 45.135 51.115 62.597 8.081 0 24.676 146.561 
6 40.879 22.332 59.255 56.381 62.75 0.891 64.523 50.753 
7 20.49 0 41.919 116.839 21.609 5.468 43.194 107.695 
8 4.407 0 44.494 129.947 67.597 24.915 25.296 61.089 
9 0 0 59.767 118.559 28.84 0 8.291 142.247 
10 78.963 1.812 40.919 56.942 42.121 0 26.027 110.719 
11 55.179 15.743 56.742 51.513 26.578 37.784 48.158 66.247 
12 0 0 45.866 132.35 28.922 8.743 54.478 87.095 
13 12.327 0 21.101 145.569 27.728 16.975 19.79 113.023 
14 84.442 5.949 14.41 73.235 37.984 27.718 44.593 68.802 
15 70.472 0 24.996 83.339 3.856 28.63 68.248 77.302 
16 15.953 0 0.441 162.693 51.124 0 17.205 110.879 
17 38.756 34.75 59.136 45.705 31.454 21.311 68.819 56.551 
18 5.538 12.377 16.324 145.419 33.428 44.784 35.472 65.694 
19 0 26.659 31.895 120.554 33.419 23.924 10.104 111.34 
20 30.072 16.234 75.628 57.143 30.944 0 52.525 95.258 
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mated with protein       
 age 1d 3d 
n field 1 field 2 filed 3 field4 field 1 field 2 filed 3 field4 
1 34.21 36.281 35.893 72.533 43.382 70.17 25.225 39.679 
2 79.194 83.18 8.042 8.872 81.588 3.375 29.492 64.683 
3 59.986 46.988 16.093 56 73.184 18.127 57.092 31.025 
4 84.913 63.881 24.796 5.527 49.27 50.591 59.277 19.778 
5 38.115 44.083 41.239 55.36 47.508 6.279 46.785 78.215 
6 38.255 62.57 57.453 17.455 0 72.953 78.254 27.5 
7 41.2 20.629 55.141 61.457 19.137 19.317 52.768 87.204 
8 58.464 46.297 69.649 0 23.935 20.409 27.589 105.682 
9 51.014 50.873 43.812 33.488 0 46.307 96.298 36.402 
10 58.995 11.036 11.026 97.33 36.052 39.705 58.516 44.645 
11 29.001 47.569 79.043 23.344 24.635 28.571 62.752 63.25 
12 44.525 15.622 62.088 57.133 42.201 93.413 6.76 35.722 
13 57.611 2.704 50.633 65.565 56.972 68.148 17.966 35.21 
14 22.402 32.738 59.555 63.341 57.904 23.802 43.695 53.617 
15 42.139 52.306 40.95 41.67 71.373 49.923 44.435 11.935 
16 3.596 75.668 53.647 45.215 35.912 22.372 22.262 98.501 
17 14.811 72.153 57.441 34.752 26.729 2.674 68.849 80.545 
18 9.234 6.64 67.637 95.416 46.867 33.097 44.384 54.769 
19 0 112.753 49.439 16.234 66.535 0 29.761 82.97 
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mated with protein 
 age 7d       10d       
n field 1 field 2 filed 3 field4 field 1 field 2 filed 3 field4 
1 84.102 16.805 17.285 60.596 79.574 16.204 21.141 62.4 
2 94.777 37.042 24.025 23.493 32.357 2.234 2.925 141.352 
3 67.247 0.31 74.026 37.464 2.283 3.596 49.162 124.157 
4 51.163 23.074 41.058 64.173 57.733 12.838 46.255 62.743 
5 41.78 14.441 15.313 107.704 18.096 13.389 56.903 90.039 
6 42.981 39.276 65.135 30.934 24.346 64.473 48.248 41.129 
7 29.381 42.993 67.828 38.766 92.763 15.773 14.98 55.682 
8 24.646 0 34.26 120.472 3.605 22.703 67.948 84.681 
9 21.231 3.985 58.165 94.445 12.749 25.266 35.251 105.561 
10 35.349 0 79.755 63.673 56.562 40.748 43.002 38.916 
11 23.875 31.345 51.885 71.993 33.337 12.858 25.378 107.415 
12 28.772 7.952 45.456 95.045 48.951 4.787 46.526 78.824 
13 30.523 14.942 56.672 77.622 48.419 11.257 40.138 79.063 
14 10.596 13.109 83.82 71.242 41.29 36.052 35.562 65.403 
15 27.129 46.828 76.71 27.329 31.294 27.47 56.182 64.111 
16 58.513 7.932 56.962 55.801 12.548 20.159 37.474 108.867 
17 29.232 0 13.93 133.402 38.626 6.269 22.613 111.61 
18 72.253 6.289 56.624 43.76 25.577 22.212 19.748 111.079 
19 68.318 2.484 11.437 96.688 29.033 12.168 54.457 82.999 
20 22.31 1.115 31.94 123.401 31.415 26.328 10.745 110.049 
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 field alcohol fatty acids esters sulphides aldehydes cyclic 
compounds 
m1 1 44.122 0 5.458 50.576 80.995 52.424 
m1 2 72.444 175.84 80.727 39.654 24.556 32.657 
m1 3 21.161 0 13.659 22.573 24.616 34.359 
m1 4 39.968 0 76.63 64.112 48.019 58.586 
m1 1 73.086 0 33.377 11.056 37.944 14.08 
m1 2 51.765 0 48.051 0 47.329 12.509 
m1 3 34.157 0 55.38 0 22.722 85.522 
m1 4 18.267 178.6 42.55 164.887 70.382 67.097 
m1 1 90.919 10.565 37.734 37.734 44.344 21.671 
m1 2 58.654 71.434 23.314 23.314 34.37 31.557 
m1 3 19.87 96.938 54.748 54.748 42.97 36.781 
m1 4 9.585 0 62.61 62.61 55.27 88.678 
m1 1 34.42 97.389 5.008 46.585 68.142 0 
m1 2 37.725 22.342 135.945 75.25 33.718 0 
m1 3 42.289 21.341 34.048 11.806 46.138 60.327 
m1 4 64.172 36.023 2.724 42.983 32.219 108.1 
m1 1 11.335 24.405 68.775 0 44.876 82.599 
m1 2 85.995 47.758 33.227 0 68.308 0 
m1 3 29.121 38.686 17.91 179.618 35.851 0 
m1 4 51.114 67.277 57.513 0 28.21 96.549 
m1 1 42.343 49.28 27.048 29.883 38.093 36.823 
m1 2 31.953 35.931 52.334 41.498 105.741 28.912 
m1 3 31.576 54.389 36.032 34.551 18.788 41.559 
m1 4 72.603 39.187 62.32 72.945 16.847 68.9 
m1 1 52.113 92.193 35.191 46.855 97.65 57.753 
m1 2 40.199 26.268 53.558 27.891 17.646 46.316 
m1 3 81.617 27.038 51.724 46.998 22.211 43.284 
m1 4 3.996 32.547 37.493 57.484 41.661 29.1 
m1 1 67.819 45.216 69.239 45.527 72.062 60.915 
m1 2 35.561 59.065 52.767 32.666 28.141 47.701 
m1 3 26.728 39.276 38.596 29.873 45.094 56.512 
m1 4 49.301 36.192 16.854 70.12 33.269 13.569 
m1 1 54.047 43.392 55.919 53.394 48.74 31.564 
m1 2 51.415 35.371 52.527 29.033 38.294 50.953 
m1 3 29.412 38.245 23.825 31.365 36.734 50.704 
m1 4 44.824 62.09 46.727 65.476 54.599 46.207 
m1 1 175.322 39.179 68.539 31.386 20.7 46.749 
m1 2 3.265 48.087 30.703 40.046 39.567 14.51 
m1 3 0 32.767 46.578 45.936 51.935 68.728 
m1 4 0 59.234 32.917 58.856 65.754 48.26 
m1 1 86.224 121.494 47.247 41.961 31 40.1 
m1 2 25.256 18.487 46.568 49.311 42 19.647 
m1 3 18.307 12.668 24.155 51.565 60 53.366 
m1 4 48.62 25.888 61.128 35.64 57 66.445 
m1 1 138.268 32.557 36.9 65.515 0 52.264 
m1 2 17.226 18.146 47.118 48.369 1.252 57.513 
m1 3 9.794 17.105 39.677 24.685 175.352 37.274 
m1 4 14.22 109.036 54.399 40.138 1.492 31.486 
m1 1 41.288 84.083 70.231 41.288 57.702 34.782 
m1 2 29.834 39.786 16.394 29.834 34.191 45.023 
m1 3 69.601 39.677 25.908 69.601 40.718 44.073 
m1 4 37.313 12.207 66.275 37.313 45.475 54.247 
m1 1 22.152 49.05 24.716 55.92 49.48 39.026 
7: mean time spent on a mixture of compoundclasses in the quantity of a cd10- mouse carcass of 1, 3, and 
7-day-old male and mated female flies with and without protein nutrition. 
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m1 2 15.201 40.439 25.396 32.567 33.209 45.435 
m1 3 10.396 59.014 92.573 41.54 45.695 62.749 
m1 4 131.068 29.443 35.44 49.481 49.571 30.996 
m1 1 28.281 70.351 22.772 25.676 27.55 66.186 
m1 2 80.943 37.315 23.685 17.395 38.564 29.452 
m1 3 50.656 52.485 55.888 27.259 33.197 32.636 
m1 4 19.037 18.516 76.231 108.347 79.034 50.383 
m1 1 23.444 14.672 46.056 47.93 42.15 30.294 
m1 2 42.01 16.033 52.054 33.426 39.497 12.247 
m1 3 62.731 84.389 66.657 29.573 57.863 40.908 
m1 4 49.37 64.254 13.529 64.703 38.476 95.107 
m1 1 119.671 62.038 69.741 52.204 47.739 45.586 
m1 2 32.507 43.674 47.928 45.697 34.5 37.935 
m1 3 4.056 55.451 5.829 24.105 49.621 53.146 
m1 4 19.999 15.852 53.486 56.13 45.806 40.879 
m1 1 37.243 0 40.207 49.941 55.581 31.996 
m1 2 46.647 0 59.204 30.414 27.078 34.71 
m1 3 56.711 0 27.5 18.927 6.75 46.006 
m1 4 37.536 178.567 52.487 78.544 87.635 65.104 
m1 1 131.749 23.224 43.993 7.4 43.253 14.861 
m1 2 21.641 27.901 31.985 47.67 33.757 23.204 
m1 3 11.947 71.001 42.282 82.637 29.644 102.758 
m1 4 12.989 56.06 58.845 41.561 70.391 38.986 
m1 1 117.438 78.192 48.138 15.012 31.675 12.468 
m1 2 13.119 64.964 61.738 30.804 44.202 38.645 
m1 3 14.461 33.758 37.084 75.33 80.247 127.634 
m1 4 34.68 0 32.008 58.703 21.021 0 
m3 1 50.593 0 0 141.263 40.42 40.788 
m3 2 69.839 0 0 0 32.565 61.369 
m3 3 37.765 17.786 177.165 0 39.528 37.583 
m3 4 20.139 157.927 0 37.053 65.032 38.005 
m3 1 25.867 39.477 1.903 0 162 20 
m3 2 76.099 117.168 8.051 0 0 40 
m3 3 64.924 19.748 168.352 178.928 10.154 80.123 
m3 4 12.177 0 0 0 8.613 39.451 
m3 1 68.328 41.058 17.616 0 47.196 32 
m3 2 36.702 48.69 56.961 178.157 46.848 67 
m3 3 34.048 43.784 67.969 0 56.531 28 
m3 4 40.209 45.936 35.14 0 27.371 42 
m3 1 26.168 17.997 34.779 178.927 52.306 40 
m3 2 34.879 89.72 34.069 0 112.582 32 
m3 3 32.487 43 60.727 0 12.457 35 
m3 4 85.063 28.311 47.799 0 0 73 
m3 1 29.712 46.557 43.943 0 66.876 24.085 
m3 2 40.088 34.02 52.105 149.385 68.229 29.193 
m3 3 33.108 40.107 40.308 28.651 31.366 52.906 
m3 4 74.027 58.373 40.458 0 11.405 72.843 
m3 1 48.87 29.804 55.18 6.259 39.378 53.967 
m3 2 15.603 54.309 72.824 30.413 67.123 41.008 
m3 3 69.551 59.185 25.327 71.544 34.541 41 
m3 4 45.174 35.109 24.014 69.6 37.034 42.301 
m3 1 35.673 27.66 52.694 37.113 27.137 10.785 
m3 2 42.682 51.975 41.17 5.789 13.101 27.941 
m3 3 33.748 60.538 36.624 66.725 76.35 86.623 
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m3 4 67.195 38.765 47.758 69.791 59.936 52.607 
m3 1 47.068 74.147 50.162 11 7.181 96.249 
m3 2 58.173 42.29 35.139 0 2.483 36.112 
m3 3 47.118 44.114 36.863 12 88.067 10.054 
m3 4 25.276 17.024 57.004 156 80.065 34.97 
m3 1 29.502 55.281 68.65 55.45 18.607 79.473 
m3 2 20.661 41.601 60.014 26.158 25.446 28.974 
m3 3 22.652 33.456 15.333 45.436 41.901 43.071 
m3 4 106.643 48.91 34.8 50.011 92.213 25.407 
m3 1 51.364 17.576 30.023 40.81 47.839 53.708 
m3 2 22.122 28.893 21.259 76.001 55.6 55.188 
m3 3 50.692 112.571 42.292 18.796 42.952 42.201 
m3 4 54.078 18.466 79.935 43.37 31.315 27.279 
m3 1 36.983 27.808 62.04 49.831 82.137 35.181 
m3 2 80.738 42.682 42.341 10.615 26.298 49.021 
m3 3 48.71 63.251 34.26 12.818 25.688 13.769 
m3 4 10.985 44.946 39.556 104.672 45.365 81.638 
m3 1 54.46 38.845 18.658 32.686 44.702 44.873 
m3 2 30.151 34.24 63.802 18.457 27.541 29.061 
m3 3 55.431 44.403 56.87 41.498 58.793 50.955 
m3 4 38.475 61.63 38.235 69.422 47.26 54.709 
m3 1 43.032 13.99 50.923 31.354 171.457 26.879 
m3 2 51.944 65.775 36.803 22.833 0 49.952 
m3 3 62.961 72.433 25.647 41.7 0 62.751 
m3 4 20.921 25.527 65.324 80.897 6.629 39.075 
m3 1 56.972 0 38.887 21.37 35.26 27.701 
m3 2 89.238 0 32.787 34.611 31.286 34.219 
m3 3 22.703 165.969 34.019 84.581 27.479 43.633 
m3 4 10.405 12.057 72.773 37.224 83.871 72.613 
m3 1 44.564 37.364 59.586 95 57.372 35.631 
m3 2 68.558 42.84 22.071 85 44.354 50.082 
m3 3 58.114 47.68 55.749 0 48.35 41.237 
m3 4 5.799 51.093 40.389 0 29.122 46.66 
m3 1 29.613 106.784 70.423 36.242 42.45 19.639 
m3 2 43.871 22.382 23.783 59.366 83.871 10.774 
m3 3 42.833 40.047 69.7 31.174 25.347 26.348 
m3 4 60.688 9.304 12.798 52.516 26.419 121.235 
m3 1 48.85 56.22 0 24.244 48.77 33.647 
m3 2 44.373 57.461 157.797 33.138 55.499 32.576 
m3 3 43.301 44.576 20.34 38.857 26.7 52.917 
m3 4 41 19.839 0 82.548 45.595 58.435 
m3 1 43.481 64.823 47.008 39.755 59.594 55.052 
m3 2 47.438 24.376 20.679 75.742 46.517 24.445 
m3 3 27.66 37.774 58.004 24.806 42.441 50.671 
m3 4 59.397 50.722 51.664 38.264 29.594 48.649 
m3 1 48.933 34.74 33.267 49.941 77.282 71.743 
m3 2 36.631 22.152 36.333 65.577 20.34 25.417 
m3 3 62.711 76.81 57.754 59.034 59.174 51.383 
m3 4 30.693 45.016 51.884 3.334 21.48 30.194 
m3 1 19.989 46.638 29.701 81.146 77.292 44.973 
m3 2 92.333 88.047 50.142 47.228 39.276 22.033 
m3 3 37.753 26.757 85.433 30.603 35.721 28.901 
m3 4 29.403 16.143 12.319 18.567 27.039 81.949 
m7 1 31.296 35.54 23.403 31.804 38.266 32.966 
    Appendix 
 176 
m7 2 32.295 71.705 33.238 43.121 27.921 40.799 
m7 3 48.57 36.912 50.622 53.156 31.394 55.089 
m7 4 61.538 33.689 72.104 50.186 79.464 48.662 
m7 1 37.754 44.314 38.555 40 45.521 40 
m7 2 35.802 2.393 49.832 40 30.854 40 
m7 3 63.69 20.72 39.877 40 29.743 40 
m7 4 40.53 110.469 47.769 40 71.888 40 
m7 1 30.093 42.952 47.798 33.088 25.796 39.055 
m7 2 50.242 23.633 40.279 3.495 35.832 35.544 
m7 3 46.999 50.184 24.324 87.505 27.89 56.581 
m7 4 50.612 61.968 63.642 48.25 85.604 46.355 
m7 1 15.872 27.9 54.869 25.106 18.527 32.457 
m7 2 51.804 38.755 20.01 22.833 84.852 50.664 
m7 3 82.177 61.069 49.53 23.874 42.793 34.338 
m7 4 29.443 50.442 53.717 105.782 31.324 58.685 
m7 1 53.617 63.591 27.94 46.757 46.728 76.828 
m7 2 27.991 52.907 23.183 40.949 37.565 35.551 
m7 3 13.549 26.939 80.225 38.986 37.554 26.108 
m7 4 84.191 35.591 46.347 52.576 55.699 36.954 
m7 1 54.78 0 56.071 77.18 68.98 36.582 
m7 2 45.877 3.565 26.096 9.404 44.262 22.092 
m7 3 25.366 76.74 32.197 20.179 18.647 61.568 
m7 4 51.773 97.361 63.361 65.204 46.748 57.934 
m7 1 37.793 49.672 18.688 41.581 68.148 30.835 
m7 2 30.755 35.67 32.867 60.347 57.172 40.409 
m7 3 37.263 32.898 43.662 34.189 20.579 35.139 
m7 4 73.377 60.176 84.221 39.506 32.297 70.181 
m7 1 28.461 37.894 36.982 26.948 70.821 41.439 
m7 2 21.851 73.895 55.8 22.733 56.592 44.534 
m7 3 48.2 29.543 29.333 18.648 23.243 52.167 
m7 4 80.826 36.453 55.831 110.899 26.529 41.038 
m7 1 47.898 53.446 51.364 55.48 88.265 44.184 
m7 2 40.028 96.249 74.747 54.669 82.05 36.101 
m7 3 36.643 3.465 25.677 51.924 8.302 41.199 
m7 4 54.088 25.767 26.428 16.974 0 55.55 
m7 1 23.044 63.963 52.556 82.148 93.896 43.123 
m7 2 79.766 72.022 86.254 52.926 85.071 29.072 
m7 3 41.789 25.707 31.825 6.019 0 44.975 
m7 4 31.434 16.374 8.092 38.576 0.951 61.477 
m7 1 47.138 64.001 29.462 42.05 124.49 23.905 
m7 2 63.411 25.888 25.087 26.658 3.304 48.95 
m7 3 47.679 47.529 94.105 52.446 4.426 98.062 
m7 4 21.26 42.201 29.522 56.792 46.797 7.951 
m7 1 0 34.709 22.152 52.966 55.38 11.296 
m7 2 73.997 3.906 4.046 112.802 9.914 8.372 
m7 3 71.382 58.574 103.919 1.522 86.996 133.551 
m7 4 33.128 82.019 48.51 9.053 27.359 22.103 
m7 1 96.809 46.827 17.175 8.352 91.772 68.545 
m7 2 25.587 44.975 69.67 61.057 3.846 90.435 
m7 3 7.5 33.067 52.214 87.125 39.617 5.347 
m7 4 47.929 50.793 39.307 23.274 43.802 13.219 
m7 1 31.686 35.141 62.722 21.08 68.95 51.545 
m7 2 10.135 43.873 53.215 137.549 30.142 108.435 
m7 3 47.568 50.381 40.07 10.134 25.438 5.347 
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m7 4 89.248 49.562 21.378 10.675 52.715 13.219 
m7 1 0 44.385 77.342 93.284 54.649 0 
m7 2 115.646 60.598 58.593 43.803 47.44 0 
m7 3 61.809 44.825 18.527 28.851 39.305 0 
m7 4 0 26.606 24.185 13.27 36.472 179.789 
m7 1 0 48.12 30.804 52.665 24.216 0 
m7 2 0 41.239 38.987 41.98 69.66 0 
m7 3 164.136 39.397 42.31 49.652 34.178 22.482 
m7 4 15.392 50.052 65.615 33.679 51.344 153.631 
m7 1 45.185 10.206 95.158 46.436  0 10.116 
m7 2 55.199 16.333 61.387 41.582 90.87 0 
m7 3 41.47 97.119 16.474 57.191 87.156 22.482 
m7 4 36.122 55.79 4.246 32.247 0 156.631 
m7 1 57.664 12.077 83.167 78.775 54.408 71.803 
m7 2 24.194 0 27.169 25.826 42.982 30.283 
m7 3 54.781 64.703 23.365 44.383 45.005 38.705 
m7 4 41.888 101.426 44.385 27.019 35.561 37.425 
m7 1 0 0 179.448 55.769 34.649 38.988 
m7 2 0 0 0 41.591 34.259 29.381 
m7 3 18.126 0 0 36.364 50.132 42.22 
m7 4 160.53 178.326 0 45.915 54.329 67.587 
m7 1 10.154 59.805 67.688 19.498 42.974 34.379 
m7 2 40.248 60.748 0 48.22 51.112 26.981 
m7 3 66.336 7.822 0 70.591 48.65 46.616 
m7 4 62.79 50.623 110.939 40.088 33.277 71.292 
m7p 1 67.566 0 71.623 0 0 45.065 
m7p 2 37.203 0 31.344 1.402 21.962 22.862 
m7p 3 31.196 175.97 42.272 121.395 157.426 37.175 
m7p 4 42.312 0 33.038 55.639 0 73.675 
m7p 1 72.443 68.209 71.764 56.321 31.94 37.383 
m7p 2 32.758 19.427 38.836 33.277 21.141 22.814 
m7p 3 28.551 45.986 29.442 40.539 52.567 42.981 
m7p 4 43.133 44.525 29.693 47.999 70.725 74.147 
m7p 1 0 75.568 68.217 65.143 5.258 0 
m7p 2 56.841 13.199 54.478 34.489 23.554 46.998 
m7p 3 94.066 24.727 28.562 36.003 98.719 101.335 
m7p 4 28.021 63.601 28.391 42.131 51.176 29.562 
m7p 1 10.965 31.675 86.767 23.213 37.513 15.703 
m7p 2 0 64.182 14.35 67.468 15.043 91.791 
m7p 3 54.569 61.259 19.569 58.143 82.248 64.944 
m7p 4 113.985 21.511 58.222 26.819 42.64 4.636 
m7p 1 38.356 41.88 28.219 3.836 28.772 55.271 
m7p 2 0 46.366 3.605 25.115 54.138 67.427 
m7p 3 61.639 58.806 36.574 37.4 4.807 27.709 
m7p 4 79.834 30.664 110.268 112.02 91.57 27.67 
m7p 1 25.106 105.19 23.704 12.218 26.268 33.058 
m7p 2 153.671 10.125 34.65 28.951 57.364 47.587 
m7p 3 0 21.851 70.43 88.566 21.371 43.413 
m7p 4 0 41.33 50.383 49.232 72.612 53.167 
m7p 1 28.811 88.887 31.377 32.175 37.353 31.455 
m7p 2 120.473 13.58 45.274 33.509 97.832 37.655 
m7p 3 14 16.485 44.213 57.993 15.321 65.444 
m7p 4 16.054 57.572 55.7 55.14 27.149 42.401 
m7p 1 30.624 96.7 36.874 32.006 23.452 26.499 
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m7p 2 52.105 21.27 58.464 35.201 24.685 48.72 
m7p 3 30.503 45.896 50.723 71.452 71.764 49.22 
m7p 4 64.784 15.913 31.835 41.038 59.326 52.565 
m7p 1 46.056 63.04 51.606 32.777 48.649 23.744 
m7p 2 61.75 41.289 52.995 22.953 55.71 11.687 
m7p 3 28.591 39.056 47.469 85.051 28.621 41.69 
m7p 4 40.167 36.283 26.968 37.074 45.687 102.517 
m7p 1 7.05 35.981 46.628 7.38 11.234 24.455 
m7p 2 16.264 30.554 38.495 36.794 39.047 26.979 
m7p 3 101.675 26.828 51.754 70.211 80.173 40.306 
m7p 4 53.588 86.285 41.58 63.751 51.385 85.725 
m7p 1 0 60.628 34.338 53.195 54.588 44.946 
m7p 2 0 41.74 43.733 66.577 5.899 45.175 
m7p 3 177.846 42.39 59.415 36.132 62.038 55.208 
m7p 4 0 34.71 40.139 23.083 55.831 33.849 
m7p 1 0 6.139 32.248 94.266 27.14 49.562 
m7p 2 0 169.684 103.859 39.287 34.79 16.463 
m7p 3 0 0 15.582 12.647 99.162 19.498 
m7p 4 177.445 0 26.097 32.256 17.966 102.007 
m7p 1 0 0 7.36 87.066 18.577 29.484 
m7p 2 0 0.45 6.799 44.934 70.332 80.585 
m7p 3 0 156.385 129.928 30.574 46.716 10.074 
m7p 4 179.008 22.032 35.321 15.683 41.64 58.324 
m7p 1 42.001 66 24.636 12.578 22.452 35.783 
m7p 2 35.418 112 19.668 103.319 87.546 17.736 
m7p 3 81.139 0 58.635 8.442 64.103 13.629 
m7p 4 20.369 0 75.748 55.34 4.096 112 
m7p 1 15.532 49.09 38.766 20.099 71.643 154.362 
m7p 2 63.181 15.984 40.718 6.309 15.902 0 
m7p 3 70.773 55.57 60.968 35.98 25.457 0 
m7p 4 28.931 57.352 39.107 115.258 66.556 23.314 
m7p 1 30.334 43.291 102.287 26.308 50.282 25.117 
m7p 2 60.313 30.413 20.47 39.907 43.093 50.131 
m7p 3 65.436 82.91 17.034 60.417 42.331 24.335 
m7p 4 21.993 22.914 38.886 51.844 41.058 76.721 
m7p 1 47.097 35.531 38.986 38.747 14.821 20.75 
m7p 2 51.125 24.094 27.76 15.281 19.018 17.795 
m7p 3 36.171 33.319 46.277 35.972 13.158 83.901 
m7p 4 43.122 83.92 64.472 87.285 130.338 54.358 
m7p 1 42.66 70.162 5.238 40.779 61.85 25.027 
m7p 2 37.064 32.708 24.624 15.131 42.358 114.455 
m7p 3 52.705 42.62 26.478 83.982 33.369 27.439 
m7p 4 45.257 34.068 121.846 39.576 39.818 11.376 
m7p 1 51.305 31.544 13.148 72.574 14.861 39.35 
m7p 2 37.754 37.202 45.145 35.821 52.747 48.921 
m7p 3 27.551 79.634 42.851 40.929 74.246 33.916 
m7p 4 59.554 29.625 77.212 28.922 38.015 56.868 
m7p 1 47.478 24.345 41.591 47.299 52.445 44.361 
m7p 2 60.757 22.563 17.104 53.575 67.188 44.535 
m7p 3 50.573 35.17 58.102 15.433 41.688 31.545 
m7p 4 19.348 96.479 61.369 60.797 15.774 59.087 
f1 1 36.452 62.78 47.459 0 21.982 12.639 
f1 2 85.164 33.888 41.741 0 43.893 20.289 
f1 3 58.444 23.104 55.469 103.469 21.25 121.034 
f1 4 0 58.594 32.026 71.633 90.079 24.786 
    Appendix 
 179 
f1 1 68.479 42 0 102.518 32.115 0 
f1 2 55.228 18.927 170.465 25.216 45.916 0 
f1 3 21.762 32 5.968 42.261 67.136 0 
f1 4 33.418 71.52 0 6.95 32.007 177.195 
f1 1 56.211 25.037 9.013 3.194 38.255 105.17 
f1 2 40.76 47.649 25.516 162.354 56.341 48.881 
f1 3 43.572 34.719 127.984 2.073 43.854 13.629 
f1 4 37.594 69.489 16.885 9.954 39.957 11.808 
f1 1 31.147 0 139.951 47.48 40 52.576 
f1 2 53.556 0 0 65.683 40 1.482 
f1 3 51.724 82.819 0 39.588 40 45.947 
f1 4 41.268 97.48 37.014 25.495 40 77.521 
f1 1 44.693 0 59.786 69.27 10.815 48.279 
f1 2 56.521 0 28.701 24.396 9.273 16.485 
f1 3 47.362 7.971 5.548 4.497 148.144 44.433 
f1 4 29.981 170.87 82.058 79.683 10.926 67.868 
f1 1 33.028 0 63.34 62.029 63.734 38.835 
f1 2 46.579 0 38.376 12.829 41.96 43.203 
f1 3 50.842 0 17.394 46.868 55.8 38.875 
f1 4 48.459 179 56.863 55.479 15.601 58.245 
f1 1 28.15 25.078 55.228 38.596 11.176 58.285 
f1 2 85.965 65.844 57.475 73.704 3.977 43.252 
f1 3 37.895 60.778 37.222 45.546 13.82 37.373 
f1 4 26.586 25.575 29.121 19.498 149.494 40.128 
f1 1 0.961 20.479 44.543 57.938 144.628 16.985 
f1 2 0 69.449 56.671 65.408 1.292 18.397 
f1 3 172.227 52.086 28.772 28.211 21.481 25.727 
f1 4 6.51 33.789 47.349 25.828 12.157 117.127 
f1 1 43.161 30.535 21.523 86.515 62.652 39.836 
f1 2 30.545 51.683 34.52 30.635 45.733 70.973 
f1 3 42.09 49.641 56.05 29.901 40.419 19.618 
f1 4 63.522 45.406 64.051 31.656 28.992 48.09 
f1 1 54.368 31.146 38.71 40.299 69.91 60.267 
f1 2 9.403 38.024 49.336 39.468 65.794 50.072 
f1 3 52.336 61.85 49.803 45.375 25.306 56.362 
f1 4 61.388 45.073 40.248 52.784 17.607 11.235 
f1 1 40.468 40 10.205 134.313 32.135 65.293 
f1 2 27.991 40 147.121 43.322 26.089 28.252 
f1 3 49.069 40 14.841 0 81.085 44.532 
f1 4 61.009 40 5.298 0 39.859 41.661 
f1 1 36.973 35.67 2.814 58.915 29.773 45.897 
f1 2 98.64 41.269 0.531 117.919 34.379 32.977 
f1 3 14.931 38.016 75.108 0 62.871 62.899 
f1 4 27.841 63.541 99.763 0 52.014 36.513 
f1 1 51.912 46.008 88.377 2.003 70.3 28.079 
f1 2 37.234 32.326 0 0 30.745 56.082 
f1 3 38.337 26.367 2.353 2.904 24.545 79.724 
f1 4 51.304 74.868 88.498 173.269 53.217 14.622 
f1 1 77.052 39.268 60.887 55.56 44.105 21.91 
f1 2 46.456 62.591 21.751 40.878 47.448 50.483 
f1 3 40.178 27.429 46.897 66.806 34.349 76.881 
f1 4 13.419 48.468 49.592 15.573 52.535 27.66 
f1 1 38.436 59.384 44.312 43.092 41.961 52.685 
f1 2 21.731 34.961 44.804 45.064 58.504 49.203 
f1 3 46.739 34.108 21.221 45.145 24.825 29.08 
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f1 4 70.079 50.424 68.4 45.135 53.688 46.938 
f1 1 63.12 42.972 54.279 7.351 25.527 53.726 
f1 2 40.87 33.248 20.85 30.574 5.568 36.872 
f1 3 39.135 50.191 29.532 85.092 24.697 27.871 
f1 4 35.842 51.385 73.886 56.55 122.023 60.939 
f1 1 37.404 25.257 42.39 16.323 8.843 36.412 
f1 2 45.947 27.821 4.807 30.123 11.426 63.021 
f1 3 48.208 42.932 48.799 87.797 64.712 49.102 
f1 4 46.247 82.356 82.711 44.554 92.765 32.095 
f1 1 120.033 36.744 39.617 53.565 65.624 139.951 
f1 2 15.452 35.822 22.242 36.231 17.136 9.374 
f1 3 23.394 31.324 66.365 33.784 76.81 0 
f1 4 19.588 75.177 50.372 55.778 19.578 29.392 
f1 1 59.556 25.336 44.262 56.372 19.348 29.332 
f1 2 75.749 55.721 44.234 32.751 38.115 61.021 
f1 3 35.891 72.786 54.559 23.799 96.669 39.094 
f1 4 8.452 24.213 36.573 66.326 23.393 52.12 
f1 1 15.693 14.832 43.813 25.317 19.538 49.083 
f1 2 80.316 65.834 17.705 7.28 146.962 37.227 
f1 3 68.477 90.871 64.724 19.64 9.864 31.002 
f1 4 14.131 6.64 52.485 126.13 1.252 63.021 
f3 1 60.046 53.998 0 0 60.118 40 
f3 2 67.996 79.684 174.892 0 28.819 40 
f3 3 29.773 3.525 0 0 43.101 40 
f3 4 18.878 35.241 0 175.392 46.679 40 
f3 1 25.216 143.085 92.574 174.491 33.057 38 
f3 2 22.462 8.413 24.576 0 92.854 42 
f3 3 56.992 17.104 19.538 0 40.789 52 
f3 4 72.394 4.337 43.551 2.914 11.467 28 
f3 1 45.294 17.666 0 0 126.892 12 
f3 2 49.1 36.592 0 0 20.931 24 
f3 3 39.227 79.545 14.461 0 10.334 29.345 
f3 4 42.752 46.567 165.137 180 20.009 120 
f3 1 54 45.166 80.649 56.5 0 33.87 
f3 2 25 29.042 41.738 38.316 15.912 39.196 
f3 3 33 21.339 23.684 21.531 162.034 19.388 
f3 4 60 83 33.016 61.689 0 86.254 
f3 1 22.302 42.46 26.709 39.156 36.893 123.929 
f3 2 8.472 51.154 26.858 19.119 29.201 20.84 
f3 3 47.958 39.657 47.218 97.058 52.776 12.568 
f3 4 98.573 45.516 76.991 23.324 59.385 20.859 
f3 1 21.45 35.227 0 52.758 39.472 9.475 
f3 2 44.245 16.385 21.171 32.616 40.194 63.891 
f3 3 57.511 34.54 31.164 42.911 38.245 45.566 
f3 4 54.94 92.044 126.362 49.331 60.666 60.576 
f3 1 32.829 0 44.775 34.94 27.653 53.698 
f3 2 16.543 0 71.071 23.295 36.071 39.056 
f3 3 87.476 97.7 24.065 86.203 59.803 40.688 
f3 4 40.858 81.678 39.337 33.588 55.1 46.056 
f3 1 25.527 0 34.788 35.552 49.782 17.095 
f3 2 44.683 0 17.756 24.425 23.924 20.41 
f3 3 71.645 97.7 2.524 27.109 30.964 50.803 
f3 4 35.74 81.678 124.14 90.399 75.74 88.967 
f3 1 40 59.127 26.207 0 24.967 8.442 
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f3 2 40 39.616 48.178 0 32.176 72.234 
f3 3 40 27.931 24.969 0 84.111 34.821 
f3 4 40 51.553 78.212 179.188 37.053 63.65 
f3 1 48.8 51.947 28.259 15.594 44.114 16.965 
f3 2 37.742 39.325 40.198 45.305 73.014 15.402 
f3 3 48.803 33.088 40.599 10.133 39.057 31.837 
f3 4 43.672 53.716 69.982 108.336 21.33 113.421 
f3 1 55.32 40 86.383 34.27 19.359 16.193 
f3 2 13.41 40 37.555 35.353 66.795 36.785 
f3 3 81.167 40 24.365 48.008 89.458 103.839 
f3 4 28.58 40 28.441 61.286 3.185 21.039 
f3 1 46.897 2.133 22.052 25.589 53.499 26.799 
f3 2 12.888 2.444 18.407 33.288 50.112 50.113 
f3 3 68.549 7.31 75.898 40.707 47.217 58.616 
f3 4 47.889 167.311 62.29 78.081 25.916 43.77 
f3 1 33.268 32.446 38.076 59.476 23.013 33.668 
f3 2 23.124 6.769 41.95 71.132 47.188 0 
f3 3 99.833 0 25.647 35.601 26.028 34.981 
f3 4 19.848 139.411 68.648 11.086 83.099 110.98 
f3 1 57.703 1.852 38.796 114.825 48.02 29.292 
f3 2 46.316 109.708 35.261 23.834 43.472 63.393 
f3 3 43.933 30.224 32.115 27.599 57.933 56.599 
f3 4 30.795 36.893 70.062 11.407 28.341 30.184 
f3 1 60.226 15.241 123.908 13.529 56.782 79.424 
f3 2 22.161 26.219 15.271 98.842 78.252 24.235 
f3 3 56.122 121.794 17.946 49.631 25.687 28.71 
f3 4 39.858 15.492 18.968 15.183 17.505 45.898 
f3 1 56.752 18.237 35.21 42.911 49.233 38.796 
f3 2 61.671 17.565 33.799 11.867 40.118 33.368 
f3 3 32.916 51.453 88.978 42.671 52.782 53.35 
f3 4 28.25 91.702 19.999 79.335 38.21 53.864 
f3 1 24.876 49.893 57.464 45.535 53.026 68.387 
f3 2 101.084 32.999 70.481 29.923 41.14 21.692 
f3 3 25.808 45.156 13.74 37.963 37.582 31.634 
f3 4 26.999 50.739 36.442 65.695 46.258 56.743 
f3 1 67.658 81.869 50.342 46.457 40.287 39.145 
f3 2 33.087 37.895 14.189 4.186 39.919 13.67 
f3 3 34.14 21.17 29.484 6.048 44.854 31.825 
f3 4 41.909 36.792 83.22 119.432 52.976 94.798 
f3 1 53.49 43.612 21.893 70.371 39.749 50.903 
f3 2 51.973 49.601 15.841 0 42.33 17.267 
f3 3 34.979 37.846 64.472 10.897 38.856 42.569 
f3 4 38.025 47.708 77.322 95.977 58.593 67.057 
f3 1 39.025 52.055 18.076 53.966 23.885 12.668 
f3 2 68.441 48.26 23.624 22.283 50.642 76.541 
f3 3 32.846 48.659 28.661 30.615 71.684 58.123 
f3 4 37.784 29.162 108.677 70.261 32.757 30.063 
f7 1 99.923 34.469 57 32.457 45.215 39.818 
f7 2 28.741 48.71 45 50.664 57.532 30.454 
f7 3 33.017 70.201 53 34.338 30.845 58.103 
f7 4 14.321 25.567 20 58.685 44.855 50.563 
f7 1 10 84.82 59.608 35.441 48.641 37.093 
f7 2 145 59.528 33.496 25.177 44.555 15.542 
f7 3 7 29.361 32.697 36.252 43.161 60.879 
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f7 4 17.892 4.307 52.696 81.997 41.92 65.403 
f7 1 36.581 42.09 45.065 46.306 31.947 101.244 
f7 2 73.095 56.132 76.368 63.774 75.689 20.391 
f7 3 44.895 29.594 29.343 44.051 38.935 15.913 
f7 4 20.44 49.148 27.67 22.653 31.295 41.199 
f7 1 24.086 48.699 46.385 47.408 58.103 33.69 
f7 2 75.149 52.997 42.26 6.87 62.931 64.031 
f7 3 29.231 33.208 40.418 64.968 14.671 40.079 
f7 4 50.061 42.159 49.203 58.439 42.812 39.746 
f7 1 66.505 50.323 25.877 51.884 97.601 41.349 
f7 2 43.963 47.168 54.207 52.887 45.113 41.821 
f7 3 30.293 42.272 49.103 34.67 19.949 44.872 
f7 4 36.864 36.591 48.939 33.848 15.403 49.673 
f7 1 65.042 47.88 37.945 31.366 6.179 49.041 
f7 2 41.91 41.19 39.695 32.422 8.612 31.856 
f7 3 29.904 45.846 43.923 48.855 27.27 42.002 
f7 4 40.649 43.17 56.512 65.414 133.752 55.949 
f7 1 51.483 52.397 33.127 49.008 58.615 32.487 
f7 2 37.034 29.821 51.764 36.313 56.65 27.389 
f7 3 43.032 33.371 47.056 22.723 36.162 55.088 
f7 4 45.535 62.077 46.329 69.522 26.84 63.092 
f7 1 24.033 44.285 44.725 37.965 0 20.821 
f7 2 41.149 28.03 32.857 26.97 33.818 21.972 
f7 3 59.215 43.533 41.009 38.536 6.419 61.148 
f7 4 52.197 61.317 59.945 74.946 138.57 74.336 
f7 1 24.034 41.089 54.898 40.899 27.808 41.591 
f7 2 69.49 14.431 30.435 81.389 52.226 6.99 
f7 3 9.684 42.021 35.923 26.377 59.125 10.945 
f7 4 74.047 80.556 57.081 29.661 38.537 118.721 
f7 1 20.428 27.46 46.645 40.759 25.737 25.938 
f7 2 27.779 36.122 23.143 52.195 15.862 62.18 
f7 3 18.257 19.137 50.043 38.226 69.831 29.101 
f7 4 112.402 95.427 58.165 46.426 66.876 60.567 
f7 1 29.462 33.758 25.808 35.851 40.807 16.725 
f7 2 21.431 31.246 25.615 29.893 32.388 42.72 
f7 3 39.007 31.926 98.854 87.206 47.798 45.346 
f7 4 89.798 81.337 28.01 25.196 58.555 71.763 
f7 1 46.697 5.879 103.229 14.882 44.423 21.55 
f7 2 47.418 55.048 15.962 43.612 42.471 86.356 
f7 3 46.116 43.714 41.25 35.963 48.579 25.717 
f7 4 37.955 73.355 17.635 85.082 43.213 45.455 
f7 1 50.082 28.131 26.839 38.277 50.611 46.305 
f7 2 24.304 81.357 67.197 50.793 18.766 51.745 
f7 3 66.696 39.455 38.034 48.41 59.726 64.102 
f7 4 37.244 29.263 43.362 42.208 48.812 15.203 
f7 1 50.853 26.567 25.457 50.013 50.723 69.45 
f7 2 32.567 71.804 33 45.925 22.1 54.429 
f7 3 33.378 27.548 83.218 39.297 38.716 26.859 
f7 4 63.021 51.906 36.601 43.372 66.096 27.518 
f7 1 39.705 42.04 24.124 30.913 68.169 46.088 
f7 2 35.901 23.493 49.983 4.136 46.025 33.249 
f7 3 35.251 66.586 59.237 54.516 39.297 55.669 
f7 4 67.51 46.358 45.073 87.299 21.391 40.076 
f7 1 48.179 55.17 0 47.878 30.824 40.959 
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f7 2 42.982 14.261 0 31.135 40.508 23.513 
f7 3 60.527 43.483 160.771 35.759 45.116 40.68 
f7 4 26.188 64.651 17.074 61.782 61.087 72.253 
f7 1 88.588 40.497 33.458 30.775 64.302 0 
f7 2 48.48 17.37 17.746 45.877 14.051 0 
f7 3 40.979 63.193 104.129 34.397 31.295 0 
f7 4 0 56.566 22.062 65.584 68.038 179.364 
f7 1 116.817 46.146 35.041 24.145 31.195 28.551 
f7 2 36.633 75.098 34.248 35.912 34.26 33.439 
f7 3 12.999 29.142 73.826 39.777 59.665 44.713 
f7 4 13.209 27.26 34.881 78.192 52.906 72.335 
f7 1 1.652 67.715 53.539 46.047 24.417 24.995 
f7 2 44.043 67.549 55.779 36.611 35.951 44.753 
f7 3 91.933 18.907 34.389 48.059 53.035 52.145 
f7 4 41.49 24.365 34.199 47.389 64.092 55.442 
f7 1 16.063 72.564 46.688 40.97 24.196 36.835 
f7 2 47.959 48.671 40.408 35.631 47.87 40.258 
f7 3 65.455 13.94 35.821 36.653 67.064 36.04 
f7 4 48.109 43.692 54.859 63.87 40.358 63.581 
f7p 1 100.245 0 35.962 2 52 3.646 
f7p 2 31.183 178.96 43.733 0 41 6.63 
f7p 3 27.57 0 16.433 0 31 48.279 
f7p 4 19.667 0 83.06 163.625 55 119.181 
f7p 1 10.475 27.11 18.417 168.422 35.911 78.383 
f7p 2 17.656 26.676 124.67 0 63.241 28.263 
f7p 3 63.942 75.339 9.582 0 32.498 28.709 
f7p 4 87.626 49.472 25.057 0 46.677 42.26 
f7p 1 48.02 176.06 32.528 0 45.786 47.938 
f7p 2 32.957 0 24.895 0 41.52 41.53 
f7p 3 55.822 0 41.578 0 42.712 54.588 
f7p 4 41.717 0 78.473 179.324 48.349 32.086 
f7p 1 27.84 0 40.101 0 31.666 18.207 
f7p 2 40.558 0 38.426 179.438 17.855 20.339 
f7p 3 48.901 0 48.837 0 31.917 31.261 
f7p 4 57.973 176.57 50.501 0 95.587 108.259 
f7p 1 28.932 23.814 23.815 24.715 37.934 44.414 
f7p 2 28.32 89.229 27.32 59.807 53.789 38.244 
f7p 3 51.124 16.142 50.694 41.81 56.561 36.763 
f7p 4 68.668 47.469 76.507 51.524 29.812 58.665 
f7p 1 39.326 74.758 35.992 21.571 41.97 35.329 
f7p 2 34.691 19.027 45.996 8.242 49.902 11.757 
f7p 3 43.021 51.934 24.865 70.751 28.23 52.035 
f7p 4 60.968 33.609 71.383 75.008 58.164 78.223 
f7p 1 63.1 25.036 25.766 35.922 58.543 57.353 
f7p 2 59.686 16.695 59.626 54.238 41.199 36.851 
f7p 3 21.551 33.195 37.414 31.235 34.911 45.094 
f7p 4 33.549 100.997 53.909 56.271 43.412 38.988 
f7p 1 96.89 41.74 45.206 38.856 62.601 35.042 
f7p 2 30.093 24.004 42.852 47.789 50.791 48.628 
f7p 3 7.04 53.888 21.901 6.388 24.125 38.817 
f7p 4 44.243 59.365 67.436 86.284 42.121 52.454 
f7p 1 10.565 33.049 70.432 46.789 58.495 29.884 
f7p 2 0 38.565 56.631 32.856 41.74 37.544 
f7p 3 137.268 21.882 17.595 6.211 31.928 41 
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f7p 4 32.736 86.093 36 93.284 46.003 70.88 
f7p 1 21.02 70.081 54.057 25.888 35.609 43.512 
f7p 2 2.414 10.915 50.992 55.681 66.318 55.591 
f7p 3 60.166 9.975 32.627 57.452 36.482 45.142 
f7p 4 95.748 86.665 40.971 38.735 39.837 33.501 
f7p 1 7.049 101.425 37.055 73.556 76.029 44.265 
f7p 2 23.534 39.738 50.001 35.28 26.507 41.759 
f7p 3 124.309 5.278 42.14 41.031 46.037 33.646 
f7p 4 24.726 33.058 49.101 28.279 30.044 57.945 
f7p 1 48.256 48.839 54.389 6.8 63.362 37.282 
f7p 2 30.328 27.04 39.366 17.956 44.764 51.677 
f7p 3 42.851 26.838 48.732 40.919 27.58 40.257 
f7p 4 56.861 73.877 35.72 113.342 43.542 50.031 
f7p 1 72.825 35.611 5.808 24.687 56.701 13.871 
f7p 2 25.626 66.246 30.894 53.336 40.238 38.436 
f7p 3 35.222 13.92 100.305 55.75 60.206 95.816 
f7p 4 44.774 61.208 42.632 44.293 20.701 30.203 
f7p 1 0 43.402 31.726 69.058 45.225 30.584 
f7p 2 178.877 39.358 36.945 40.108 6.309 35.311 
f7p 3 0 38.033 89.147 7.091 47.238 74.289 
f7p 4 0 57.524 18.506 61.769 80.145 37.512 
f7p 1 45.766 26.94 52.026 36.774 23.994 26.297 
f7p 2 22.853 33.157 60.207 21.861 52.464 27.88 
f7p 3 64.723 21.891 15.783 60.645 56.582 66.968 
f7p 4 44.674 96.529 50.231 59.617 44.865 57.222 
f7p 1 44.095 43.844 112.943 6.338 35.001 46.746 
f7p 2 20.149 10.755 20.429 145.079 34.257 33.117 
f7p 3 35.529 18.648 1.092 9.194 73.056 32.309 
f7p 4 78.383 105.49 44.403 14.792 35.622 66.013 
f7p 1 23.704 0 84.171 12.368 88.948 121.324 
f7p 2 21.371 0 9.083 9.234 51.623  0 
f7p 3 94.307 12.488 9.573 43.533 36.162  0 
f7p 4 37.603 165.628 76.751 112.921 2.514 58.605 
f7p 1 38.558 37.875 2.633 38.145 62.99 74.014 
f7p 2 42.659 51.173 25.077 5.528 42.852 12.748 
f7p 3 33.999 40.988 13.609 26.568 47.178 3.165 
f7p 4 63 48.17 137.428 108.396 24.225 86.847 
f7p 1 58.536 64.233 74.376 73.227 105.181 178.923 
f7p 2 40.098 35.592 31.154 11.647 47.899 0 
f7p 3 22.742 7.621 28.932 9.784  0 0 
f7p 4 56.981 72.263 43.533 84.6 23.293 0 
f7p 1 42.101 72.235 46.187 36.163 49.209 37.884 
f7p 2 55.289 36.422 21.22 6.87 68.209 52.848 
f7p 3 49.842 21.761 47.647 42.241 39.757 42.881 
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Hiermit erklaere ich,  dass die Dissertation selbständig und nur unter Verwendung der gemäß § 6 







        





































Alles, was auf dem Bauch kriecht, und alles, was auf vier oder mehr Füßen geht, 
unter allem, was auf der Erde kriecht, dürft ihr nicht essen; denn es soll euch ein 
Greuel sein.  





Ich sah zu, wie das Gewürm  
Zarte Wesen,  
Durch die Brust ganz eng gedrängt,  
Flügge werden, auferstehen  
 
Den Weg in diese Welt sich leckt,  
Alte Gräber neu belegt 
An dieser Stelle nagt die Traube,  
Fette Maden fressen....  
 
Unbekannter Dichter 
 
 
